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PEEFACE. 



I HAVE COLLECTED into the present volume those essays 
to which I have had most frequently to refer in other 
^vorks, and particularly in ' The Sun ' and ' Other 
Worlds than Ours.' A certain degree of inconvenience 
is occasioned to readers when references are made to 
articles published in different serials, and still more 
when the reference is to essays published in the ' Pro- 
ceedings ' of scientific societies. It therefore seemed to 
me desirable to gather together these scattered papers, 
and, after submitting them to careful revision, to 
publish them in a single volume. To this course I was 
further encouraged by the welcome extended to my 
' Light Science for Leisure Hours,' in which a series of 
papers covering a somewhat wider range of subjects 
had been similarly collected. 

The first three essays in the present volume (thougli 
the third is entitled, simply. The Study of Astronomy) 
relate to the life and work of the great astronomer and 
philosopher whose loss science has recently had to de- 
plore. Then follow papers on the planets Mars and 
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Saturn. The subject of meteoric astronomy is next 
treated at considerable length. The recent action 
of the Astronomical Society in awarding its gold 
medal to Schiaparelli for his researches into meteoric 
astronomy has attracted considerable attention to the 
subject, and has, as it were, sanctioned theories which 
were viewed somewhat doubtfully when tlie accom- 
panying essays were written. The papers on the 
Zodiacal Light and the Solar Corona are chiefly taken 
from the 'Proceedings of the Astronomical Society.' 
They present views which have been confirmed, since 
these papers were written, by many striking discoveries. 
The remaining essays in the body of the work relate to 
the stars and star-cloudlets, their nature, movements, 
arrangement in space, and aggregation into systems. 
They exhibit the reasoning on which I have based 
those new views respecting the universe which are 
presented briefly in ' Other Worlds than Ours,' and 
which will be more fiilly exhibited in the lectures I am 
about to give at the Eoyal Institution, and in a work 
I am at present preparing, to be entitled ' Other Suns 
than Ours.' The Appendices contain notes on the rota- 
tion of Mars and the proper motion of the Sun, which 
seemed somewhat too abstruse for the body of a popular 
work like the present, as well as three essays on the 
approaching transit of Venus, which, for a like reason, 
seemed more suitably placed at the end of the volume 
than elsewhere. These Appendices, and especially the 
papers on the transit of Venus, contain many facts 
which were collected or deduced at the cost of con- 
siderable labour, and which will be useful, I believe, to 
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those who desire to give the subjects of these essays a 
thorough investigatioii. 

The relation of the essay on Equal-surface Projec- 
tions of the Globe to the more specially astronomical 
subjects will be obvious when my use of equal-surface 
projections, as a means of ascertaining and interpreting 
the laws of stellar and nebular distribution, is taken 
into account. 

As it was found impossible to include in a single 
volume all the scattered essays which seemed necessary 
either for purposes of reference, or to supplement the 
information contained in 'Other Worlds' and 'The 
Sun,' I separated the essays into two divisions, one in- 
cluding the more strictly scientific essays (with a few 
exceptions), and the other containing essays of a some- 
what lighter kind and more closely associated with the 
subject of the plurality of worlds. The former series 
constitutes the present volume, the latter will shortly 
be published, uniform with ' Other Worlds,' ' The Sun,' 
and 'Light Science,' under the title of 'The Orbs 
Around Us.' 

I may here point out that popular sketches of 
scientific subjects, however hght they may be in treat- 
ment, should be based on a careful investigation of 
these subjects in their scientific aspect It will be seen 
from the dates appended to the present essays that the 
slighter papers which I have written on the same 
subjects for our popular serials have been, in all cases, 
written after those subjects had been more soUdly dealt 
with, and that in most instances my researches had been 
submitted to the consideration of the Astronomical 
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Society before they had found their way, in a popular 
form, into our magazines. I point this out in no spirit 
of egotism. Indeed I conceive that it is simply a 
matter of duty for those who desire to teach, to pre- 
pare themselves for the task by first learning. But I 
find it desirabte to meet a grave charge unjustly brought 
against me in the ' Saturday Eeview.' In a pretentious 
essay on my ' Light Science for Leisure Hours,' the 
reviewer has impUed, in somewhat acrimonious terms, 
that I have written on subjects which I have not pro- 
perly studied. He cites, as his chief instance, my views 
respecting the zodiacal light, remarking that if I had 
studied the subject, and had made myself acquainted 
with * the fact that the zodiacal light maintains a con- 
stant position with respect to the horizon,' I should 
have avoided the blunder of regarding it as an extra- 
terrestrial phenomenon. It will be seen from the date 
of the accompanpng essay on the subject that I had 
brought before the Astronomical Society a complete 
discussion of the phenomena of the zodiacal light full 
half a year before ' Light Science ' was published, while 
the note at p. 169 will show that in my treatise on 
Satiun I had announced nearly eight years ago the re- 
sults of a careful mathematical analysis of the subject. 
It is true I had not ' made myself acquainted with the 
fact that the zodiacal light maintains a constant posi- 
tion with respect to the horizon ; ' but this may be 
explained by the circumstance that its changes of posi- 
tion, as well from day to day as from hour to hour, arc 
among the most familiar facts of elementary astronomy. 
Indeed, my critic, throughout his review, appeared 
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singularly anxious to illustrate, by example, the folly 
of writing on ill-studied subjects. 

I have to thank the editors and publishers of the 
various serials from which these essays have been 
taken, for the permission to reprint them. In an 
especial manner I owe thanks to the Council of the 
Eoyal Astronomical Society, as well for leave to reprint 
the essays from the Society's ' Proceedings ' (which con- 
stitute more than two-fifths of the present volume) as 
for the permission to use the woodcuts and lithographic 
engravings belonging to the Society. 

EiCHARD A. Proctor. 

Bkiohtoit: April 1672, 
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SIR JOHN HER8CHEL. 

On Thursday, May 11, 1871, the greatest astronomer of oiir 
day passed from amongst us. In so characterising Sir John 
Herschel we are not forgetting that others in our time have 
surpassed him in their mastery of special departments of 
astronomical science. But, as an astronomer in the true 
sense of the term. Sir John Herschel stood before all his 
contemporaries. Nay, he stood almost alone. Others in 
our day have worked right skilfully and well in advancing 
astronomy. By abstruse mathematical calculations, by 
laborious or by most delicate observations, by profound 
physical researches, or by the ingenious employment of 
various physical processes, they have added so much to our 
knowledge that the astronomy of the last generation seems 
altogether meagre by comparison with that of our own time. 
But how few have there been who have had, like Herschel, 
a real insight into the grandeur of astronomical truths ! 
how few who, like him, could so touch the dry bones of 
fact that they became clothed at once with life and beauty I 
It may be said of some of the most skilful of HerscheFs 
astronomical contemporaries, that they have scarcely even 
perceived the essential truths of astronomy ; and not many 
can be truly said to have felt the full import of those 
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2 ASTRONOMICAL ESSAYS. 

tniths. But to Herschel astronomy was not a matter of 
right a»ceDsion and declination ; of poising, clamping, and 
reading off; of cataloguing and correcting. He saw the 
real value of technical and instrumental details ; but he did 
not mistake these details for astronomy, as some have done. 
When he read the wondrous lessons taught by the heavens, 
it was for their meaning that he cared, not for the outward 
symbols by which they are expressed. 

Sir Jolm Herschel was bom on March 7, 1792, at Slough, 
in Buckinghamshire. It was here, our readers will re- 
membf*r, that his fathers telescopic researches into the 
celestial depths were carried out, and here the younger 
Herschel grew up amid influences which could scarcely fsAl 
to affect his future career. At Slough night was turned 
into day, for it was at night and all through 4he night that 
Sir William Herschel pursued his labours, while in the 
daytime the house was kept still and silent, that the astro- 
nomer and his assistants might sleep. There must have 
been something singularly impressive to the mind of young 
John Herschel in this continued communing with the host 
of heaven. He saw his father — already an old man when 
he himself was but a youth, — his uncle and his aunt, Miss 
Caroline Herschel (the hardworking assistant of her brother), 
all earnest in the study of those far-oflf worlds, while the 
things of this world seemed to be but of s<*condary import 
to them. What wonder, then, if as he advanced in years 
astronomy had for him a significance and a charm which it 
possessed for none other ? Or what wonder, if, when de- 
scribing the glories of the celestial spaces, he spoke with a 
fervour and enthusiasm which had a strange power in stir- 
ring the hearts of men ? 

Yet the earlier labours of the future astronomer were 
directed to other branches of study than the science which 
his father had made his own. Under the sound instruction 
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of the Scotch mathematician Sogers, he became proficient 
in mathematics. He went to St. John's College, Cambridge, 
in 1809, and in 1813 took his Bachelors degree, graduating 
as Senior Wrangler, and taking the first Smith's prize. 
Amongst the most important of his services to science must 
be noted the work which, in conjunction with a few young 
men of like mind, he achieved at this time in advancing 
the study of the higher branches of analytical mathematics. 
At Cambridge, and indeed throughout this country, the 
higher mathematics had long been strangely neglected. 
Continental mathematicians had passed so far in advance of 
the comitrymen of Newton that, as was well said, English 
mathematicians ' seemed to have slackened rein, conceiving 
pursuit to be hopeless.' To the labours of Herschel and his 
fellow-workers — Babbage, Peacock, and others — may fairly 
be ascribed the success with which, during the last half- 
century, this state of things has been corrected. A country 
which can boast of such mathematicians as Cay ley, Sylvester, 
Adams, Airy, Challis, and Stokes, need no longer look with 
envy even on the highest mathematical schools of France 
and Grennany. 

In the very year in which he took his degree Herschel 
published the treatise entitled ' A Collection of Examples 
of the Application of the Calculus of Finite Diflferences.' It 
is only necessary to examine the papers he contributed at 
this time to the Royal Society to recognise the mastery he 
had acquired over the more recondite branches of mathe- 
matics. In Volume CIII. of the * Philosophical Transactions ' 
will be found his first contribution, a paper * On a Remark- 
able Application of Cotes's Theorem ; ' and this was quickly 
followed up by * A Consideration of Various Points of Analysis,' 
by a paper ' On the Development of Exponential Functions 
and Several New Theorems Relating to Finite Differences,' 
and by a fine essay ' On Circulating Functions.' Later he 
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4 iSTRONOMICAL ESSAYS. 

studied with auccess a variety of optical problemfl, some of 
them of exceeding difBcuIty. 

Not until the year 1821, or aft«r the practical cloue of 
his father's laboura in aatronomy, did the younger Herschel 
commence that fine serieit of researches which constitute his 
claim to eminence as an astronomical observer. In the 
years 1821-3, in conjimction with Sir James South, he 
studied a large number of double stars, and established the 
fact that many such pairs are physically associated. Thai 
fact is now so well known, and so thoroughly admitted.'*''^^^ 
one reads with wonder of the doubts and Mlijic^tion 
against th^ existence of physically associat'd pairs • 
But the evidence was too strong to be rebutt-i'd eit 
argument or ridicule ; and the importance of tlie wo 
achieved by Herschel and South received early recoj 
from the principal learned societies of Great Brita 
the Continent. 

In 1825 Herschel began to prepare biinsi^lf for t 
searches which he proposed to carry out in siirveyim 
Southern heavens. His object was to obtain, iu tho 
place, 'a sufficient mastery over his inr^trnmeot*-- 
excellent Newtonian reflector, 20 ft. loiii;; and I^ 
in aperture. His preparation involved litboura i> 
moat men would have thought no unworlliy occiipe 
for a lifetime. He examined no less thaii :^,:ill() neb 
of which 525 were discovered by himself. Hi' discov- 
alao, while thua engaged, between three and t'vnr ihoni 
double stars. Having thus spent eight years in prepai 
himself, he left England in November 1833. and reacli 
the Cape of Good Hope early in the year lis34, he set 
in the neighbourhood of Table Bay the in^^trtiment w 
which be propoaed to aurvey the Southt'iti ^kics. ]j 
labours here may be divided into three chief sei 
(setting aside what may be described as miscellase 
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obseiration) : — First, he extended to the Southern heavens 
his father's system of giiaging, making and recording up- 
wards of 2,000 different star-guaginga. Secondly, he made 
a catalogue of 1,700 Southern nehiilse. Thirdly, he cata- 
logued more than 2,000 Southern double stars. For four 
years and a quarter he remained at the Cape, returning to 
Ei^land in 1838. Nine years passed, however, before the re- 
salts of his labours were fully published in that most valuable 
and masterly treatise entitled ' Results of Observations 
lade during the years 1834-38 at the Cape of Good Hope ; 
Bing the Completion of a Telescopic Survey of the Whole 
e of the Visible Heavens, commenced in 1825.' This 
: does not include, however, an account either of hia 
serological researches at the Cape or of his labours in 
i^ing the gyst>em of national education in the Cape 

[1836 the Astronomical Society gave Herschel their 

A year later he was made a baronet, an event 

my of hia scientific admirers contemplated with 

Action. More to the purpose was the proposal 

1 1839 that he should succeed the Duke of Sussex 

sidential Chair of the Royal Society. This pro- 

jver, he declined. 

Mohn Herscbel's subsequent labours were devot«d 

o scientific instruction than to original researches. 

jl ^eady written more than one work on science — a 

: on Sound,' another on the theory of light, his 

laiy Discourse on the Study of Natural Philosophy,' 

1830) his 'Treatise on Astronomy.' In 1849 he 

ihed hi^ well-known ' Outlines of Astronomy,' enlarged 

■ the last-named work. Of other works published 

fttely, we need only mention his excellent treatises on 

ology and physical geography. But he wrote, also, 

f articles in the ' Edinburgh Encyclopaedia ' and the 
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* Encyclopaedia Britannica,' as also in the Edinburgh Review^ 
the Qwaiisrly Review y and other serials. Some of his shorter 
papers have been reprinted in a work entitled ' Familiar 
Essays on Scientific Subjects.' 

As a theoriser in astronomy, Herschel was not equal to 
his father. There is nothing in his works comparable with 
the grand progression of his fether's ideas respecting the 
structure of the universe. He had, indeed, no great power 
of grasping facts, insomuch that we are over and over again 
surprised by his recurrence to theories which he has himself 
shown to be negatived by observed relations. The source of 
his father's success in mastering the secrets of the universe 
lay in his power of retaining in his thoughts all known 
facts bearing upon the subject he was dealing with. Hence 
that steady progression from truth to truth, or rather from 
the less complete to the fuller recognition of truth ; inso- 
much that Wilb'am Struve, speaking of the latest of Sir 
William Herschel's papers, said justly : — * Heureux mortel 
que fut Herschel, de jouer, a I'age de 80 ans, d'une pene- 
tration de I'esprit et d'une clarte du jugement qui le firent 
composer ses deux demiers memoires, remplis d'une spe- 
culation sublime et profonde ! ' But if the great astronomer 
who has lately departed from amongst us was inferior to his 
father in this respect, so also have been all others ; while 
Sir John Herschel alone, of all who have succeeded the 
elder Herschel, has been fairly comparable with him in all 
respects save this. 

As regards Sir John Herschel's qualities as a populariser 
of science, we venture to express an opinion somewhat at 
variance with that commonly entertained (we believe) upon 
ttie subject. That he was a successful populariser is un- 
doubted, but the mode and reason of his success have been 
we think, misunderstood. The literary merits of his writ- 
ings are certainly not exceptionally great. His style is 
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often ponderous, aud not unfrequently fer from clear. Nor 
can it be said that he has successfully expounded the diffi- 
culties dealt with in his treatises. The buyers of his ' Out- 
lines,' have been, we believe, many times more numerous 
than the readers of that work ; nor is this greatly to be 
regretted when it is remembered how much there is in the 
work which could be of no use to nine hundred and ninety- 
nine out of every thousand students of astronomy. 

Where, then, was the secret of Herschel's success — for 
successful be undoubtedly was — ^in attracting to the study of 
astronomy hundreds who but for him would have cared little 
for that science ? There can be no question, we believe, that 
the answer must be sought in the considerations touched 
upon in the beginning of this paper. His soul was so 
thoroughly imbued with the sense of the sublimity of the 
lessons taught by the celestial depths, that his descriptions, 
despite all faults of style, are irresistibly impressive. Here 
by a word, there by a happy turn of expression, now by 
some strikingly poetical conception, anon by a grand array 
of noble thoughts, he forces his readers to share his own 
enthusiasm. There are some passages in his writings which 
for grandeur and sublimity are surpassed by nothing that 
has been written in the English language, save, perhaps, 
some few portions of the * Paradise Lost.' 

English MecJuinic for May 19, 1871. 
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SIR JOHN HERSCHEL AS A THEORIST 

IX ASTROXOMY. 

It would be difficult to say in what department of astrono- 
mical research Sir John Herschel was most eminent. That 
he was the greatest astronomer of his day, even those who 
rivalled or surpassed him in special departments admit 
without question. He was, indeed, facile princeps not 
merely among the astronomers of his own country, but 
among all his astronomical contemporaries. He held this 
position chiefly by reason of the wide range of subjects over 
which his mastery extended. He was unequalled, or rather 
unapproached, in his general knowledge of the science of 
astronomy. It need hardly be said that he was proficient in 
tlie mathematical departments of the science. (Perhaps no 
one of whom this cannot be said may be regarded as an 
astronomer at all.) In his knowledge of the details of 
observatory work he was surpassed by few, and his acquaint- 
ance with the specialities of astronomical instruments was 
such as might have been anticipated from the excellence of 
his mathematical training. He was far the greatest astro- 
nomical observer the world has known, with one single 
exception — Sir W. Herschel. That in certain respects other 
ob3er\'ers surpassed liim may be admitted very readily. He 
had not the eagle vision of Dawes orGoldschmidt,for instance ; 
nor had he the aptitude for acciu^tely measuring celestial 
spaces, angles, and so on, which some of the German astro- 
nomers have displayed of late years. But such minutice as 
these may well be overlooked when we consider what Sir J. 
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Herschel actually achieved as an observer. Thousands of 
double stars detected, measured, and watched as they circled 
round each other; upwards of two thousand nebute dis- 
covered; the southern heavens guaged with a twenty-feet 
telescope — these, and like achievements, dwarf into insigni- 
ficance all the observational work accomplished by any single 
astronomer since Sir W. Herschel ceased his labours. In one 
respect, and that noteworthy. Sir John Herschel even sur- 
passed his father. Only one astronomer has yet lived who 
had surveyed with a powerful telescope the whole sphere of 
the heavens — that astronomer was the younger Herschel. 
He went over the whole range of his father's observations, 
in order (to use his own words) that he might obtain a 
mastery over his instrument : then in the southern hemi- 
sphere he completed the survey of the heavens. He alone, 
then, of all the astronomers the world has known, could 
boast that no part of the celestial depths had escaped his 
scrutiny. I need not dwell on Sir John Herschel's success 
in expounding the truths of astronomy. We owe to him, 
beyond all question, the wide interest at present felt for the 
science, as well as the special fervour with which the younger 
astronomers of our day discuss its truths. And, lastly (pass- 
ing over many departments of astronomical study), Sir John 
Herschel's position as a theorist in astronomy is unquestion- 
ably a most eminent one. My present purpose is to discuss 
his work in this direction ; to endeavour to exhibit the 
special merits of his mode of theorizing ; and, if it should 
happen that in my judgment certain features of Herschel's 
work in this direction should seem less excellent than the 
rest, to exhibit the ground on which such judgment is based 
— truthfully, as is right, but also with fit consideration of 
the respect (perhaps I should rather say the reverence) 
due to the memory of the greatest and the most amiable 
philosopher of our times. 
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In the first place, let the position of scientific theurizinjjf 
be rightly apprehended. We hear much of theory and 
practice, or, in the case of such a science as astronomy, of 
theory and obsenation, as if the two were in some sense 
opposed to each other. Nay, imfortunately, it is not un- 
common to hear s<^>me observers speak of the astronomical 
theorist as if he held a position quite apart from theirs. 
Theorists do not, on the other hand, adopt a corresponding 
tone in speaking of observers. And this for a very simple 
reason — the theorist must needs value the labours of the 
observer, because it is on such labours that he must base his 
theories. But observers — at least such observers as do not 
themselves care to theorize — are apt to contemn the theorist, 
to suppose that the h3rpotheses he deals with have been 
evolved from the depths of his moral consciousness, instead 
of being based on those very observations which they mis- 
takenly imagine that the theorist imdervalues. The fact, 
indeed, is really this — that the theorist alone values obser- 
vation as fully as it deserves. The observer is too apt to 
value observations for their own sake ; the theorist sees in 
them a value beyond that which they possess in themselves 
— a value depending on their relation to other obserN'ations, 
as well as a value depending on the application of suitable 
processes of manipulation, or, as it were, of manufacture. 
It is not going too far, indeed, to say that observations as 
originally made are as raw material — highly valuable it ipay 
well be (and the manufacturer will be better aware of this 
than the producer of the raw material), but owing their 
value to their capacity for being wrought into such and such 
fabrics. It would be as reasonable for the miner to despise 
the smith and the engineer, as for the observer in science 
to contemn him who interprets observations and educes their 
true value. 

Let me quote here a passage £rom those too little studied 
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essays, the papers contributed by Sir W. Herschel to the 
' Transactions of the Eoyal Society.' The passage is interest- 
ing as belonging to the opening of that noble essay in which 
he first presented to the world his ideas respecting the con- 
stitution of the celestial depths. ' First let me mention,' he 
says, ' that if we would hope to make any progress in inves- 
tigations of a delicate nature, we ought to avoid two opposite 
extremes, of which I can hardly say which is the most 
dangerous. If we indulge a fanciful imagination and build 
worlds of our own, we must not wonder at our going 
wide from the path of truth and nature; but these will 
vanish like the Cartesian vortices, that soon gave way 
when better theories were ofiFered. On the other hand, if 
we add observation to observation, without attempting to 
draw not only certain conclusions but also conjectural views 
from them, we ofiFend against the very end for which only 
observations ought to be made.' *I will endeavour,' he adds, 
speaking of the special work he was then engaged upon, ' to 
keep a proper medium ; but if I should deviate from that, 
I could wish not to fall into the latter error.' 

The power of forming sound theories depends on many 
mental qualities and habitudes — some positive, some nega- 
tive. I propose to consider the chief of these, in about the 
order in which they are called into exercise in the gradual 
progression whereby a theory advances to its final stage, 
— illustrating each by the work of the great astronomer 
whose position as a theorist is my present theme. 

Sir John Herschel has himself described in clear and 
powerful language the quality which is primarily requisite 
in the theorist. 'As a first preparation he must loosen 
his hold on all crude and hastily-adopted notions, and must 
strengthen himself by something like an effort and a resolve 
for the imprejudiced admission of any conclusion which 
shall appear to be supported by careful observation and 
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logical argument, even should it prove of a nature adverse 
to notions he may have previously formed for himself, or 
taken up, without examination, on the credit of others. 
Such an effort is, in fact, a commencement of that intellec- 
tual discipline which forms one of the most important ends 
of all science. It is the first movement of approach towards 
that state of mental purity which alone can fit us for a full 
and steady perception of moral beauty as well as physical 
adaptation. It is the " euphrasy and rue " with which we 
must " purge our sight *' before we can receive and con- 
template as they are the lineaments of truth and nature.* 

These just principles have been perhaps as clearly laid 
down by other men of science ; but it may be questioned 
whether any has ever more thoroughly obeyed them than 
Sir John Herschel. The enforced mental purity with which 
he approached a subject on which he proposed to theorise 
was indeed so remarkable that to many it was scarce even 
intelligible. His determination to remove from his own 
mind all the effects of preconceived opinions, whether 
adopted independently or received at the hands of others, 
was mistaken by some for an undue humility of mind. Nay, 
one biographer went so far as to ascribe to a spirit of flattery 
(and that spirit the offspring of vanity I •) that characteristic 
which, rightly understood, marked Sir John Herschel's mind 
as subservient to truth alone. 

* The obituary notice in which this remark appeared ms obyiouBly written 
by an able man, and one who held in very high respect the abilities of Sir 
John Herschel ; and notwithstanding the feeling of pain with which I conceive 
every admirer of Sir John Herschfl must hare read the passage, I imagine that 
no one was disposed to question the writer's honesty of purpose. Professor 
Tyndall, in a feelingly-written letter, challenged the writer of the passage to 
make known his name and to defend his opinion. From internal evidence in 
the obituary notice itself, I am disposed to believe that, apart from the reasons 
assigned by the editor for the non-acceptance of this challenge, there was one 
very excellent reason why the writer could not respond to a challenge which 
would hare been to him as the trumpet to the war-horse not very long ago. 
Unless I am deceived, the author of the biography did not live to see it in print. 
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The completest proof which a man of science can give of 
this ' mental purity ' is afforded by a readiness to submit to 
some crucial test a theory which he has strong reasons 
for desiring to see established. I draw a distinction here 
between testing a theory and the search for evidence respect- 
ing a theory. One who is not free from prejudice may yet 
none the less eagerly search for evidence respecting the 

It would be idle to defend Sir John Herschel from the chaige of vanity — a 
charge which could only hare had birth in a total misapprehension of the sin- 
gular sweetness of disposition which endeared the great astronomer not only 
to all who knew him personally, but to many (the present writer among the 
number) who, without being personally acquainted with him, received from 
him written words of encouragement and kindness. Yet it may be permitted 
me to point out (earnestly disclaiming, the whilst, all notion that the argu- 
ment is needed in Sir John Herschel's defence) the utter fallacy of the reason- 
ing by which the charge of vanity was supported. It is unquestionably true 
that flattery is always the offspring of vanity or of a worse failing ; and if com- 
pliments addressed to others on the score of their views or theories be admitted 
to be untrue, the charge of flattery is established, and with it the charge of 
vanity of disposition. But when such compliments relate to opinions opposed 
to those held by the person who pays them (and it was the very basis and 
main support of the attack on Sir John Herschel that this was the case), the 
alignment against vanity is at once seen to be altogether stronger than the 
argument in its favour founded on the suspicion of flattery. For a vain man 
may well be supposed to flatter others in matters not affecting his own vanity, 
in order that he in turn may be flattered in those matters respecting which he 
is vain. But the spirit of detraction itself could not force any man to believe 
that a vain person would, for the sake of praise, overpraise another to his own 
dispraise. A systematic readiness to give to others their due, even though at 
his own cost, must surely be explained as arising from a genuine desire to do 
justice. Such a desire may be, unfortunately, far less common than could be 
wished ; but the unusual nature of a form of exceUence is no valid reason for 
preferring some utterly incongruous evil motive in explanation of conduct 
obviously suggesting such exceptional excellence of disposition. 

No one who had occasion to seek the opinion or advice of Sir John Herschel 
could fail to be struck by his exceeding courtesy, and by the readiness with which 
he admitted or noted errors into which he might have fallen (as all men will). 
And yet I think that those who possess letters written by him, and will carefully 
examine them, will find, for each error admitted by him, at least two pointed out 
in their own views. Indeed, any one who objected to be set right when in error 
might well be disposed to regard Sir John Herschel as a merciless corr<;spondont, 
notwithstanding the calm courtesy of his remarks. He set truth in the first 
place ; and by comparison with her, neither his own opinions nor those of others 
^•er© permitted to have any weight whatever. 



14 ASTRONOMICAL ESSAYS. 

theories he desires to advocate. But to test a theory 
crucially, to enter on a series of researches which must 
needs reveal the weak points of a theory, this is what only 
the true man of science is capable of. * This,' as Professor 
Tyndall well remarks, * is the normal action of the scientific 
mind. If it were otherwise — if scientific men were not 
accustomed to demand verification — if they were satisfied 
with the imperfect while the perfect is attainable, their 
science, instead of being, as it is, a fortress of adamant, 
would be a house of clay, ill fitted to bear the bufiFetings of 
the storms to which it has been from time to time, and is 
at present, exposed.' 

Now, when Sir John Herschel commenced his labours as 
an astronomer, there were two theories before the world, 
respecting which it may fairly be asserted that h{»d he 
regarded them with a feeling amounting to strong prejudice 
in their favoiu*, he might have claimed forgiveness. They 
were of unequal importance, but each was full of interest. 

The first related to those double stars which now form so 
favourite a subject of study with the amateur astronomer. 
His father, commencing the investigation of these objects 
imder the impression that the two stars which seemed to 
form each pair were but accidentally seen nearly in the same 
direction, had been led after long labours to the conclusion 
that the double stars are for the most part real star-couples, 
physically associated by the mighty bond of their common 
attraction. A strange theory in those days, though now so 
commonly admitted — a theory not yet established by the 
evidence which had been adduced in its favour at the time 
when Siif John Herschel's career as an observer commenced. 
The theory admitted of a ready test at that time, however ; 
for Sir William Herschel had recorded more than thirty 
years before the aspect of many hundreds of these objects, 
and it required only that all the double stars thus pictured 



SIR J. HERSCHEL AS A THEORIST IX ASTROXOMY. 15 

by the elder Herschel should be submitted to a new and 
searching scrutiny, in order to set at rest at once and for 
ever the question whether they were physically associated. 
If they were, some among them must needs be circling 
round each other at a rate rendering their motions recognis- 
able. It needed only that these should be selected from the 
rest by a comparison with Sir William Herschel's researches, 
and then watched as they moved around their common 
centre, in order to prove that double-sun systems, wonderful 
as the idea might seem, have yet a real existence. On the 
other hand, the test was a crucial one. If no such signs of 
motion as the elder Herschel had suspected were found in 
reality to exist, it would be proved that that great astro- 
nomer . had been mistaken in the theory itself, which had 
seemed so full of interest. 

The younger Herschel, entering into alliance with James 
South, submitted his father's theory respecting the double 
stars to this most thorough test — with a result which is 
known to all students of astronomy. Plain proof was ob- 
tained that many double stars are physically associated, and 
thus the strange theory of coupled suns was placed on a firm 
basis. 

The second theory above referred to was far more im- 
portant. Sir William Herschel's long survey of the northern 
skies had led him to form and to enunciate those grand 
views respecting the constitution of the heavens with which 
his name will for ever remain associated. I do not propose 
here to discuss the principles of research adopted by Sir 
William Herschel, either in his star-guaging or in the survey 
of the celestial cloudlets which astronomers call nebulae. 
Nor shall I here inquire into the reasoning by which he was 
led to those noble generalisations which constituted his 
theory respecting the construction of the universe. What I 
principally desire to do in this place is to show with what 
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readiness Sir John Herschel subjected theories which he 
undoubtedly held in the highest respect to the most severe 
test to which they could by any possibility be exposed. 

Of the reverence with which the younger Herschel regarded 
the noble labours and the grand conceptions of his father it 
is perhaps needless to speak. He has, indeed, been blamed, 
by those who misunderstood his disposition, for carrying that 
reverence to excess, insomuch that one writer has not 
scrupled to speak of the manner in which Sir John Herschel 
regarded the instruments his father had employed as ap- 
proaching in its nature to idolatry.* Altogether denying 
the justice of such views as these, we must yet recognise 

* In the bi(^^pbical notice to which I have referred above, the statement is 
ina<1e that Sir John Herschel hud * so specially sanctified his idol ' (his father s 
forty-feet reflector) 'that he conid not cheerfully bear to hear it lightly spoken 
of ; ' and elsewhere in the same notice, that in speaking of this instrument he 
' altogether left an impression that a little less sensibility and a little morv sense 
would have saved a good deal of mortification.' * These be very bitter words ; ' 
and if it chanced that they were true, we might yet regard their utterance as 
in exceedingly bad taste — first, because they are personal, and secondly, because 
they bear no relation to those parts of Sir John Herschers life which may be 
rcganled as of public interest. But I venture to express the conviction that 
thoHe who will carefully study Sir John Herschel's remarks respecting his father s 
largest telescope will not adopt his biographer's interpretation of those remarks. 
I have further the means of showing that Sir John Uerschel's views respecting 
this instrument were not such as have been here ascribed to him. I may be 
permitted to quote from a letter addressed to myself upon the subject, partly 
because of Sir John Herschel's repeatedly-expressed willingness to permit 
remarks in his letters to be quoted, an<i partly because the publicaition of his 
own words in this special instance may serve to remove a false and unjust im- 
pression respecting his dis{)osition. As it chances that the opinion expressed 
in the passage I am about to quote is directly opposed to one I had myself 
publicly expressed, I find a further reason for desiiing to make the passage 
known. I had asked him whether he thought (as I mentioncil that I had) that 
his father had really disc<jvered four additional satellites of the planet Uranus. 
• As to these four satellites,' ran his reply (which lies before me as I write), * I 
incline to the opinion that my father must have too readily persuaded himself 
that the minute points of light which from time to time he undouhtedly sav\ 
were all realhf satellites. The tewtimony of Lord Roskc's and Mr. Lassell's 
reflectors — which are composed of metal much more reflective than even that 
of the eighteen-inch, and very much more than that of the four-feet reflector of 
my father — I think must be held conclusive.' (The italics are his.) 
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the fact that if any theories could have so far found favour 
in Herschel's sight as to cause him to forget the rules which 
he had laid down for his own guidance, and to seek rather for 
evidence confirming those theories than for experiments by 
which their value might be tested, it would have been to 
his father's theories respecting the constitution of the imi- 
verse that he would have been disposed to extend this 
indulgence. 

Yet the noblest series of observations made by the younger 
Herschel was so devised as to afford a crucial test of the 
accuracy of his fether's views respecting the constitution of 
the heavens. The elder Herschel had shown that certain 
relations prevail among the celestial objects visible at his 
northern observatory, and it was on the existence of those 
relations that his theories were founded. It is clear, how- 
ever, that the mere accident that the observation of the 
celestial sphere had been first prosecuted in northern lati- 
tudes ought not to affect the views which men should form 
respecting the heavens. The terms North and South have 
relation to this little earth on which we live, not (properly 
speaking) to the celestial sphere, though they have become 
in a sense associated with that sphere. We speak of the 
North Pole of the heavens and of the South Pole of the 
heavens, and again of the revolution of the celestial sphere, 
because the rotation of our own earth seems to give a reality 
to these conceptions. But in judging of the constitution of 
the heavens we are bound to lay aside this usage, or at least 
to remember that it bears no real relation to the system of 
stars. We are placed in the midst of this vast system as a 
traveller in the midst of some vast forest, and the configura- 
tion of the system is no more associated in reality with the 
position in which our earth's axis chances to be situated, 
than the shape of a forest is associated with the direction in 
which the traveller pleases to pursue his course. 

c 
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Sir William Herschel, then, had studied the northern 
heavens much as a traveller might study the aspect of those 
parts of a forest towards which his course was leading him. 
Tlie southern heavens, or those parte of them which are 
never seen in our latitudes, were quite as well able to supply 
information respecting the constitution of the sidereal system 
as those which Sir William Herschel had surveyed. And it 
is dear that if the elder Herschel had rightly interpreted 
the northern skies, the southern skies should teach precisely 
tb(^ same lesson : whereas, if in his speculations concerning 
the northern heavens he had mistaken accidental peculiari- 
ties for essential features of the celestial spaces themselves, 
ihen the study of the southern heavens could scarcely fail 
to reveal his mistake and (probably) to explain its source. 

To this arduous task — a task which, even if its results 
were favourable, would add little to the admiration with 
which his father's work was contemplated by all who under- 
stood its purport ; while, if imfavourable, it would serve to 
negative all his fiather's hypotheses — Sir John Herschel 
devoted twenty-one years of his life. Eight years he 
passed in preparation, that preparation consisting in the 
complete re-survey of the northern skies ; four years at the 
Cape of Good Hope, in the survey of the southern heavens ; 
and lastly nine years in reducing his observations to form 
and presenting them in his own efifective manner, in one of 
the most masterly scientific treatises the world has yet seen. 
In the presence of such noble labours, conducted in a spirit 
so philosophic, the fact that the theories of the elder 
Herschel were in all their more important features most 
amply confirmed, seems to sink almost into insignificance. 
We feel that, loving as was the reverence with which Sir 
John Herschel contemplated his father's work, he had set 
scientific truth far above that reverence. He had entered 
cheerfully on labours which might have resulted in shaking 
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men's fidth in his &ther's opinions ; and no question can 
exist that, had this been the result, it would have been as 
fully exhibited to the world as that which actually rewarded 
Sir John Herschel's researches. 

The next quality which is called into action in the forma- 
tion of theories is the power of seeing the full meaning of 
observed facts — of seeing beneath the sur£BLce, so to speak — 
since observed faLCts often, on the &ce of them, show little 
which tends to enlighten the inquirer. In order to explain 
my meaning, I will take two instances from the history of 
observations made upon the planet Saturn. When Galileo 
first turned his telescope upon this planet he imagined that 
he could see on either side of a central disc two other discs, 
each nearly half as large as the central one. He watched the 
planet on several nights, seeing always this appearance. 
But when at a later season he viewed the planet, the two 
side discs had vanished. They reappeared again after a 
time ; and, as he continued to watch the planet, he saw 
them change somewhat in size and Ffaape, but they always 
remained at an unchanged distance from the central disc. 
Now it can be demonstrated that, by means of abstract 
reasoning alone, quite independently of that increase of 
optical power which subsequently enabled Huyghens to 
interpret these appearances, Galileo might have convinced 
himself that Saturn is girdled about by a flat ring inclined 
to the path in which the planet travels. Here was an 
instance, then, where an observed fact implied in reality 
much more than it seemed to do at first sight. The other 
instance is of like nature. The observer Bond (the elder), 
of America, noticed on the brightest of the rings of Saturn 
two shaded regions, symmetrically placed, close by the inner 
boundary of this ring, and at the two ends of the oval into 
which this inner outline is foreshortened. (See Plate I,\ 
The observation in itself seems to be rather perplexing than 

c 2 
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instructive ; but it is the perplexing observations which, in 
the long-run, best repay careful study, for they can usually 
be only ekplained in one way. I have been able to show 
that this particular observation (if admitted) proves beyond 
all possibility of question that where these shaded regions 
appear we see, through the rvng^ the dark sky beyond.* 

I know of no more remarkable instance of Sir John Her- 
schePs readiness and skill in interpreting observed facts than 
the way in which he dealt with the features he had recognised 
in the Magellanic Clouds. He was the first to survey those 
strange celestial regions with a powerful telescope. He 
mapped down and pictured multitudes of star-cloudlets, scat- 
tered among the myriads of minute stars which produce the 
milky light of the Magellanic Clouds. At this point others 
might have ceased their labours. There was an array of 
interesting objects within a certain region of the heavens 
— what more could be said ? But Sir John Herschel was not 
thus satisfied. He reasoned from the shape of the Magellanic 
Clouds to the distances of the star-cloudlets within them, 
and thence to the scale on which these star-cloudlets are 
formed. He was able to deduce in this way perhaps the 
most important conclusion to which astronomers have ever 
been led by abstract reasonings — a conclusion interpreted 
by Whewell, Herbert Spencer, and in my own inquiries into 
the star-depths, to mean nothing short of this : that, so far 
as the only available evidence we have is concerned, all 
orders of star-cloudlets belong to our own star system, and 
not to external galaxies. 

For another instance of Sir John Herschel's power in this 

* 'Saturn and its System/ pp. 118-121. The reasoning in these pages is 
not hypothetical, but demonstratiye ; though of coarse the demonstration fails if 
the observed relation should be shown to have no real existence. There are 
other reasons for believing that we can see through the Satumian rings, and that 
these are formed of disconnected satellites ; but the evidence given by these 
shaded regions is singularly simple and effective. 
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respect, I would refer the reader to his discussion of the 
phenomena presented by Halley's comet during its approach 
towards and recession from the sun in the years 1835-1836. 
A brief r^aumS of this discussion will be found in the 
charming volume entitled ^Familiar Essays on Scientific 
Subjects ; ' but the student of astronomy should also read 
the original paper in the ^ fiesults of Astronomical Observa- 
tions made at the Cape of G-ood Hope.' Here I shall 
merely quote the conclusion of the reasoning, as summarised 
in the ' Familiar Essays,' in order to show how much which 
was certainly not directly contained in the observations was 
deduced in this instance by abstract reasoning. It was 
^ made clear' that the tail of this comet ^ was neither more 
nor less than an accumulation of luminous vapour, darted 
off, in the first instance, towards the sim, as if it were some- 
thing raised up, and as it were exploded, by the sun's heat, 
out of the kernel, and then immediately and forcibly 
turned back and repelled /ram the sun.' 

Another faculty which the theorist should possess in a 
high degree is a certain liveliness of imagination, whereby 
analogies may be traced between the relations of the 
subject on which he is theorising and those of objects not 
obviously associated with that subject. This faculty Sir 
John Heischel possessed in a very high degree — almost as 
strikingly as his &ther, who in this respect probably 
surpassed all other astronomers, imless we place Kepler and 
Newton on the same level. It is obvious that the faculty is 
of extreme importance, though it is one which requires a 
judicious control, since if it be too readily indulged it may 
at times lead us astray. 

One of the finest illustrations of Sir John Herschel's 
aptitude in tracing such analogies is to be found in his 
reasoning respecting the zones in which the solar spots 
ordinarily make their appearance. I give this reasoning as 
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it was originally presented in the fine work to which I have 
already so often referred, the ^ Eesults of Observations made 
at the Cape of Good Hope.' * Whatever be the physical 
cause of the spots,' says Uerschel, ^ one thing is certain, that 
they have an intimate connection with the rotation of the 
Sim upon its axis. The absence of spots in the polar regions 
of the sun, and their confinement to two zones extending to 
about latitude 35 degrees on either side, with an equatorial 
zone much more rarely visited by spots, is a fact which at 
once refers their cause to fluid circulations, modified, if not 
produced, by that rotation, by reasoning of the very same 
kind whereby we connect our own system of trade and anti- 
trade winds with the earth's rotation. Having given any 
exciting cause for the circulation of atmospheric fluids from 
the poles to the equator and back again, or vice versA, the 
e£fect of rotation will necessarily be to modify those currents 
as our trade winds and monsoons are modified, and to dis- 
pose all those * meteorological phenomena on a great scale, 
which accompany ihem as their visible manifestations, in 
zones parallel to the equator, with a calm equatorial zone 
interposed.' Herschel then proceeds to inquire * what 
cause of circulation can be found in the economy of the 
sun, so fEur as we know and can understand it.' With this 
inquiry, however, we are not at present concerned, save only 
to note how the aptitude of the theorist in the recognition 
of analogies leads him to inquiries which otherwise he 
would not have entered upon. 

Sir John Herschel, indeed, entertained a singularly strong 
belief in the existence of analogies throughout the whole 
range of created matter. As an evidence of this I venture 
to quote a passage from a letter of great interest, which I 
received from him in August 1869. It relates to the 

* In the text the word is their. I think the word must haye been written 
those. 
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constitntion of the heavens, referring especially to a remark 
of mine to the effect that all forms of star-clouds and star- 
clusters seem to be included within the limits of our own 
sidereal system. * An opinion,' he wrote, ' which the struc- 
ture of the Magellanic Clouds has often suggested to me, 
has been strongly recalled by what you say of the inclusion 
of every variety of nebulous or clustering form within the 
galaxy — viz., that if such be the case, that is, if these 
forms belong to and form part and parcel of the galactic 
system, then that system vacludes within itself miniatures 
of itself on an almost infinitely reduced scale ; and what 
evidence then have we Uiat there exists a luiiverse beyond ? 
— ^unless a sort of argument from analogy that the galaxy, 
with all its contents, may be but one of these miniatures of 
that vast universe, and so on ad infinitum ; and that in 
that universe there may exist multitudes of other systems 
on a scale as vast as our galaxy, the analogues of those 
other nebulous and clustering forms which are not minia- 
tures of our galaxy/ 

This, perhaps, is the grandest picture of the universe that 
hafl ever been conceived by man. 

Next in order comes that faculty by which the chain of 
causes and effects (or of what we call such) is traced out, 
until the true correlation of all the facts dealt with by the 
theorist is clearly recognised. Adequately to illustrate the 
action of this faculty, however, would obviously require 
more space than is available in such a paper as the present. 
I i^hall mention but one instance of Sir John HerscheFs 
skill in this respect, selecting for the purpose a passage (in 
the first edition — 1833 — of his treatise on astronomy), the 
opinions expressed in which have been erroneously supposed 
to have been in the first instance enunciated by the cele- 
brated engineer, George Stephenson. Tracing out the con- 
nection between the action of the central luminary of our 
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system and terrestrial phenomena, Sir John Herschel re- 
marks that ^ the sim's rays are the ultimate source of almost 
every motion which takes place on the surface of the earth. 
By its heat are produced all winds, and those disturbances 
in the electric equilibrium of the atmosphere which give 
rise to the phenomena of lightning, and probably also to 
those of terrestrial magnetism and the aurora. By their 
vivifying action vegetables are enabled to draw support from 
inorganic matter, and become in their turn the support of 
animals and of man, and the sources of those great deposits 
of dynamical efficiency which are laid up for human use in 
our coal strata. By them the waters of the sea are made to 
circulate in vapour through the air, and irrigate the land, 
producing springs and rivers. By them are produced all 
disturbances of the chemical equilibrium of the elements of 
nature, which by a series of compositions and decomposi- 
tions give rise to new products and originate a transfer of 
materials. Even the slow degradation of the solid con- 
stituents of the siu^ace, in which its chief geological changes 
consist, is almost entirely due, on the one hand, to the 
abrasion of wind and rain and the alternation of heat and 
frost, and, on the other, to the continual beating of the 
sea-waves, agitated by winds, the results of solar radiation.* 
He goes on to show how even ' the power of subterranean 
fires,' repressed or relieved by causes depending on the sun's 
action, ^ may break forth in points where the resistance is 
barely adequate to their retention, and thus bring the 
phenomena of even volcanic activity under the general law 
of solar influence.' 

As respects Sir John Herschel's skill in devising methods 
for throvring new light on questions of interest, it is only 
necessary to remark that we owe to him the first experi- 
mental determination of the quantity of heat received from 
the sun, as well as a solution of difficulties which seemed to 



SIB J. HERSCHEL AS A THEORIST IN ASTRONOMY. 25 

Sir William Herschel almost insuperable in the problem of 
estimating the relative brightness of tlie lucid stars. I may 
add also that he was among the first, if not actually the first, 
to suggest that the prismatic analysis of solar light might 
^ lead us to a clearer insight into its origin.' 

Nor is it necesdary to dwell specially on that most notable 
quality of Sir John Herschel's character as a theorizer — the 
light grasp with which he held those theories which he had 
himself propounded. This characteristic is so intimately 
associated with the mental purity the necessity for which Sir 
John Herschel kept so constantly in his mind (as I have 
shown above) that, having exhibited instances of the last- 
named quality, it is hardly necessary to point to cases by 
which the other has been illustrated. Suffice it to say that 
no theorist of modem times has smrpassed Herschel, and few 
have equalled him, in that complete mastery of self whereby 
it becomes possible for the student of science not merely to 
admit that he has enunciated erroneous opinions, but to 
take in hand the theories of others, and to work as patiently 
and skilfully in placing such theories on a firm basis as 
though they had been advocated in the first instance by him- 
self. I know no more perfect proof of strength than this light- 
ness of hold, especially in the case of theories which may for 
many years have been among the favourite views of the 
theorizer. To those who have never theorized, it may seem 
the easiest thing in the world to abandon a long-favoured 
theory. How difficult it really is, however, is shown by the 
persistence with which even eminent students of science 
have struggled to maintain their theories long after the most 
convincing evidence has been obtained against them. Un- 
fortunately for science, the lightness of grasp with which 
the Herschels, father and son, held their most favoured 
theories is even more imcommon than the observing skill, 
the untiring patience, and the ingenuity of device with 
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which they sought for eyidence to establish the tmths of 
astronomy. 

One quality alone Sir John Herschel seems to me (I ven- 
ture the opinion with extreme diffidence) to have possessed 
in a less eminent degree than those other qualities which 
are necessary for successful theorizing. Lightness of grasp 
for theories needs to be accompanied by a most rigid grasp 
of facts. I conceive that in some instances Sir John Herschel 
held facts almost as lightly as he held theories. Let me not 
be misunderstood. I would by no means desire to imply 
that Sir John Herschel in any instance wittingly overlooked 
known facts. To suppose, indeed, that this was my meaning 
would be to suppose that at the close of this paper I desired 
to present Sir John Herschel to the reader in quite a dif- 
ferent light than in the earlier paragraphs. I would merely 
note that in some instances Sir John Herschel seemed to 
forget that certain facts had already been established — even 
sometimes that he had himself established such and such 
facts. It is, of course, always possible that where I thus 
suppose him to have been forgetful of fieu^ts which he had 
either already admitted or established, I have in reality 
misunderstood either his opinion of the £Etcts or those state- 
ments of his which seem to me at variance with such factfi. 
And yet — to take an instance which is more particularly in 
my thoughts at this moment — I have not been alone in 
interpreting Sir John Herschel's own remarks about the 
Magellanic Clouds to imply that, in the only instance in 
which any determination of the distances of the several 
orders of nebulae has been possible, nebuks of cM orders have 
been found to lie far within the limits of distance to which 
our own star system extends. As I have already mentioned, 
Dr. Whewell and Mr. Herbert Spencer took precisely the same 
view of Sir John Herschel's reasoning that I have taken ; 
and, indeed, for my own part, I can conceive no other inter- 
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pretation, either of his reasoning, or of the facts on which 
liis reasoning was based. Yet I think that I am not mis- 
taken in believing that much which has since been written 
hy Sir John Herschel about the nebulae is wholly at variance 
with the ^demonstrated fact' of the remarkable sentence 
in which he summed up his reasoning about the Nubeciilse. 
This, at any rate, is certain, that the views which Dr. Whe- 
well, Mr. Herbert Spencer, and I myself have expressed about 
the nebulae (views identical so far as they overlap) have been 
commonly regarded as differing from the opinions enter- 
tained by Sir John Herschel respecting nebulae long after he 
had enunciated the ' demonstrated fact ' referred to above.* 

Other instances might be cited, which seem almost as 
decisive of the fact, that in this special respect Sir John 
Herschel was not equal to his father, the solidity of whose 
reasoning was never in a single instance marred by a for- 
gotten fact. It may, indeed, be regarded as in no sense 
wonderful if one whose labours extended over so enormous — 
one may even say, without forgetting his father's work, so 
unparalleled — a range as Sir John Herschel's, forgot some- 
times those facts which he had already admitted on the 
evidence obtained by others, or even those which he had 
himself establi8hed.t 

But even if this blemish have a real existence, it is but as 
a spot upon the sun. It bears no further than this upon our 
opinion of Sir John Herschel's position as a theorist in astro- 

* That Sir John Herschel nerer withdrew the opinion that that fact is demon- 
strated by the evidence, I happen to know quite certainly ; because, commenting 
on a remark in my * Other Worlds,' which seemed to imply that he had changed 
his mind, he noted in a letter to myself that he still retained the opinion 
expressed in the passage referred to. 

f That this did, at any rate, sometimes happen, cannot be denied even by 
Sir John Herschel's warmest admirers, since in the preface to his * Outlines of 
Astronomy,' we find him noting that theories which he had spoken of as 'certain 
cariouB views of M. Jean Reynaud' had been 'reasoned out' by himself 'to 
identical condusionfl' many years before, a fact which had 'completely escaped 
Yds recollection when perusing the works of M. Keynaud/ 
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nomy : that whereas but for this occasional forgetfulness he 
might have ranked higher than Sir William Herschel him- 
self, we must now concede that the younger Herschel was 
second to the elder, but to the elder Herschel alone. A 
remarkable era in astronomy, observational and theoretical, 
has come to a close with the death of Sir John Herschel — an 
era lasting nearly a full century, during which two astro- 
nomers, father and son, have stood forth more prominently 
than any save the very greatest in astronomical history. 
With all our faith in the progress of the human race (and 
my own faith in that progress is very strong), we can yet 
scarcely hope that for many generations astronomy will 
look upon their like again. 

The 8t, PauTs Mazarine far June 1871. 
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THE STUDY OF ASTRONOMY. 

The death of the great astronomer to whom more than to 
any other we owe the interest with which astronomy is 
studied in our time, invites us to some reflections on the 
value of such study, and on the special purposes which it is 
best fitted to subserve. I wish particularly to note that I 
am not here about to examine the utilitarian aspect of the 
science. No one is likely to dispute the assertion that in 
oiu: highly utilitarian age the practical application of 
astronomy subserves highly important purposes. The whole 
system of commerce, for example, depends on the accuracy 
with which the astronomers of Greenwich and other national 
observatories note the apparent motions of the stars. The 
survey of land districts cannot be eflSciently carried out 
without astronomical observations and a careful considera- 
tion of astronomical principles. And besides a number of 
other instances in which astronomy is directly applied to 
practically useful purposes, it is only necessary to consider 
how many and what important interests depend on the 
conmiercial relations between different countries, and on the 
careful survey of the earth's surface, to see that astronomy 
holds almost as high a position among the useful sciences 
as among those which relate chiefly to the extension of our 
knowledge. But, as I have said, it is not of the utilitarian 
aspect of astronomy that I wish to speak. I purpose to 
consider the study of astronomy as a means of mental train- 
ing, — whether as affording subjects of profitable contempla- 
tion ; or as offering problems the inquiry into which cannot 
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fail to discipline the mind; or, lastly, as suggesting the 
actual application of methods of observation by which at 
once the patience and ingenuity of the observer may be 
exercised, his knowledge extended, and his mind supplied 
with fresh subjects for study. 

For whatever those may think who have not fEimiliarised 
themselves with the teachings of astronomy, there can be no 
question that the highest place is given by astronomers 
themselves to those rather who have advanced our know- 
ledge of astronomical facts — whether by careful observation 
or by judicious theorising — than to those who have applied 
astronomy most successfully to practical purposes. If we 
take the names which are most highly honoured by astro- 
nomers, and consider why they are honoured, we shall see 
that this is so. I suppose that practical astronomy, as it is 
now known to us, would have had no existence but for the 
researches of Copernicus, Kepler, and Newton. It is true 
that the same amount of labour devoted to the simple 
observation of the celestial movements might very well have 
resulted in making astronomers quite as confident both in 
prediction and retrospection as they actually are. But it is 
altogether unlikely that the same amount of labour would 
actually have been directed to astronomical inquiries but 
for the confidence engendered by the work of Copernicus, 
Kepler, and Newton. So that in one sense we may say that 
these great men have done more to advance practical astro- 
nomy than any others, and that the high honour in which 
their names are held by astronomers would be justified by 
this circumstance alone. Yet, if we rightly consider the 
labours of Copernicus, Kepler, and Newton, we shall find 
that they were by no means primarily directed to practical 
astronomy. Their eflfect in advancing the study of practical 
astronomy may be regarded as, in a sense, accidental ; or 
rather this result afifords an illustration of the fact that, in 
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scientific research, we need not keep continually before our 
miodfl the question ^ Cui bono ? ' since a good which the 
student of science himself may not perceive will commonly 
result from even the least promising researches. We know 
that Copernicus only sought to explain observed appear- 
ances by a simpler theory than that which was in vogue in 
his day. To Kepler, perhaps, tlie idea may have suggested 
itself that the laws he sought for so earnestly, in order to 
explain the movements of Mars as traced by the best 
observational methods yet applied, might result in giving 
to astronomers a new power of predicting the motions of 
Mars and the other planets. But certainly the object which 
Kepler set himself was to replace the disorder of the Ptole- 
maic system and the but partial symmetry of the system of 
Copernicus, by a harmonious series of relations. When he 
had succeeded, his boast was, not that he had shown astro- 
nomers how henceforth they might confidently predict the 
motions of the celestial bodies, but that he had ^ found the 
golden vases of the Egyptians.' Nor is it possible to read 
Xewton's own accoimt of those researches by which the law 
of gravitation was established without feeling that, to him- 
self at least, the practical application of the law in after- 
times was of secondary import. It was the law itself, 
regarded as a discovery respecting the manner in which the 
bodies distributed throughout space influence and are in- 
fluenced by each other, which he valued. 

If we turn our thoughts to tlie astronomy of the past 
century, we recognise the same fact. It would be difl&cult 
to find in the whole of that noble series of papers which 
Sir William Herschel contributed to the pages of the ' Philo- 
sophical Transactions' a single paragraph directed to the 
application of astronomical discoveries to practical pur- 
poses. And whether we consider those discoveries which are 
commonly but erroneously supposed to constitute HerscheFs 
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chief title to honour, or those which astronomers regard as 
his most valuable contributions to science, we find in either 
case that we have to deal with discoveries which have, 
primarily, no practical value whatever. For example, the 
discovery of Uranus, which so many suppose to have been 
HerscheFs noblest work, was undoubtedly full of interest, but 
it certainly was not a practically useful discovery. And, 
again, to turn to that which was in reality the noblest work 
achieved by Herschel — his researches into depths lying far 
beyond the range of the unaided vision — ^in what sense can 
tJhe counting of myriads of stars or the discovery of thousands 
of nebulae be regarded as advancing in the slightest degree 
the material interests of mankind ? Even if it hereafter 
happened that the discovery of Uranus or the processes of 
star-guaging should indirectly lead to some practical results 
of value, it would still remain certain that Sir William 
Herschel had had no such results in his thoughts when he 
prosecuted his researches. 

In our own time Sir John Herschel has been justly held 
by all to be the leading astronomer of his day ; yet it would 
be difficult to find in a single astronomical research of his 
the least practical value ; while certainly in that long 
series of observations on which astronomers base their high 
opinion of him, there was no practical value whatever. Sir 
John Herschel had already devoted eight years of his life to 
the re-examination of his father's work, with the chief end of 
acquiring a mastery over his telescope, when at the Cape of 
Good Hope he began a series of observations which formed 
the exact counterpart of his father's observations in the 
northern skies. Star-guaging, the noting of double stars, 
the search for nebulae — all these lines of research must 
needs advance the science of astronomy, but not one of them 
has any practical utility. 

Nor, even if we take the well-merited fame of depart-- 
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mental astronomers — if we may so distinguish the workers 
in special branches &om men who, like the Herschels, have 
made all astronomy their subject — can we recognise the 
title to such fame in practically useful work. When Adams 
and Ijeverrier by subtle processes of research showed astro- 
nomers where to turn their telescopes to detect the planet 
whose influence had disturbed the motions of Uranus, they 
were not in any way advancing the material interests of the 
human race. It may happen, indeed, that some of the 
mathematical processes devised or developed by these great 
men may one day be applied in some practical manner ; but 
no one will, on this account, assign such practical results as 
the real title of Adams or Leverrier to astronomical fame. 
Even the practically useful work of an Airy or a Hind is 
not that which is regarded among their fellow-astronomers 
as affording their chief claim to honour. 

In considering astronomy as a subject of study, the first 
point to which we must direct our attention is the mode in 
which astronomical discoveries should be presented. I wish 
particularly to invite attention to the reasons of Sir John 
Herschel's great success in attracting the minds of men to 
a subject which, before his time, had been regarded as too 
recondite for general study. I wish to consider why it is 
that those facts which before his day seemed bewildering 
lather than impressive, became in his hands the meani of 
attracting hundreds to the study of his favoiuite science. 
Herein I have to deal with the workings of my own mind ; 
for, recalling my impressions of astronomical facts as pre- 
sented by those works in which I first studied the science, 
and comparing those impressions with my feelings in regard 
to the science after I had read Sir John Herschel's * Out- 
lines of Astronomy,' I find between my earlier and later 
views all the difference that exists between listlessness and 
earnestness. 
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The secret of Herscbers success I take to be the fiEtct that 
he is never content with merely stating such and such cir- 
cumstances about the celestial bodies, but will not leave his 
subject until he has impressed on the mind of his reader 
his own feeling of the reality of those circumstances. It 
would be easy to multiply examples of this characteristic 
peculiarity of his method. of teaching; one, however, will 
suffice, and I take it almost at random : — 

He has described the actual relations of certain double 
stars; and so far as the facts respecting these objects are 
concerned, the reader has already had presented to him all 
that is necessary. Then, in that singularly effortless manner 
with which he always passes from description to imagery, he 
proceeds thus : * It is not with the revolutions of bodies of 
a planetary or cometary nature round a solar centre that we 
are now concerned — it is with that of sun round sun ; each, 
perhaps, at least in some binary systems where the indi- 
viduals are very remote and their period of revolution very 
long, accompanied with its train of planets and their satel- 
lites, closely shrouded from our view by the splendour of 
their respective suns, and crowded into a space bearing 
hardly a greater proportion to the enormous interval which 
separates them^ than the distances of the satellites of our 
planets from their primaries bear to their distances from the 
sun itself. A less distinctly cliaracterised subordination 
would be incompatible with the stability of their systems 
and with the planetary nature of their orbits. Unless closely 
nestled under the protecting wing of their immediate 
superior, the sweep of their other sun in its perihelion 
passage round their own might carry them off, or whirl them 
into orbits utterly incompatible with the conditions neces- 
sary for the existence of their inhabitants. It must be 
confessed that we have here a strangely wide and novel field 
for speculative excursions, and one which it is not easy to 
avoid luxuriating in/ 
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I have spoken of the absence of eflFort which characterises 
the introduction of such passages as these ; and I take it 
that this absence of effort is absolutely essential to their 
eflFect. It is only when such passages are perfectly natural 
— natural not merely in appearance, but in reality — that 
they arouse the full sympathy of the reader. And their in- 
fluence in this last respect might be taken as no unsafe test 
of their being purely natural effusions. But in the case of 
Sir John Herschel we have the means of proving, in an in- 
dependent manner, that his most poetical descriptions were 
written, not to display his powers, but because they came 
unbidden to his pen. We have the records of his obser\'a- 
tions as made in the stillness of night, with no thought but 
to represent what he had actually seen ; and among these 
records we come again and again upon passages which no 
one familiar with Sir John Herschel's descriptive style could 
for a moment fail to recognise as his. Here, for example, 
are a few of his notes respecting the lesser Magellanic 
Cloud : they are taken from the Guagebooks : ' The access 
to the Nubecula Minor is on all aides through a desert.^ 
* The lesser Nubecula is now approaching, but I discern no 
indications in the field leading me to expect any remarkable 
object : on the contrary, the stippled appearance noted 
shortly before is gone, and the groimd is black. The ground 
of the sky is completely black throughout the whole breadth 
of the sweep. The body of the cloud is fairly resolved into 
excessively minute stars, which, however, are certainly seen. 
It is a fine, rich, large cluster of very small stars, which fill 
more than many fields, and is broken into many knots, 
groups, and straggling branches, but the whole is clearly re- 
solved.' Then, after passing the limits of the cloud, * here is 
a region of utter barrenness — a miserably poor and barren 
region — most dreary since the small Nubecula.' Take 
also this sketch of a nebula, and the accompanying sugges- 

D 2 
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tion as to the constitution of certain regions of space, as 
affording evidence of the style of Herschel's note-books : * A 
beautiful nebula ; it has very much resemblance to the Nu- 
becula Major itself as seen with the naked eye, but is far 
brigliter and more impressive in its general aspect, as if the 
Nubecula were at least doubled in intensity. And who can 
say whether in this object, magnified and analysed by tele- 
scopes infinitely superior to what we now possess, there may 
not exist all the complexity of detail that the Nubecula 
itself presents to our examination ? ' 

I believe that it is only by presenting astronomical facts 
in this striking and graphic manner that they can be made 
acceptable to the generality of readers. Tliis is true, indeed, 
in all sciences ; but it is specially true of astronomy, since 
there is no science w^here the facts are on the one hand so 
wonderful in reality, or on the other so capable of becoming 
unimpressive, and even wearisome, if not earnestly dealt 
with. 

Yet let me in this place note that there is a fault of a 
different nature than want of earnestness, which equally re- 
quires to be avoided in scientific treatises. I refer to the 
undue familiarity of tone by which sometimes even our 
ablest expositors attempt to descend to the presumed level 
of their readers' comprehension. Even Sir John Herschel, 
it must be admitted, has sometimes condescended to express 
himself in too familiar terms when dealing with subjects 
which require grandeur of treatment. Not, indeed (so far as 
I remember), in his ' Outlines of Astronomy,' at least in the 
main text of that noble work ; but in some of his Essays one 
is certainly somewhat startled at times by a familiarity which 
does not seem suited to the nature of the subject-matter. 
For example, I think that, without being hypercritical, the 
astronomer may fairly object to some points in the following 
passage, in which Sir John Herschel is speaking of the sun's 
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attractive energy : ' Even in his capacity as ruler, the sun is 
not quite fixed. If he pulls the planets, they pull him and 
each other ; but such family struggles affect him little. 
They amuse them ' (the italics are not mine), ' and set them 
dancing rather oddly, but donH disturb hiniJ' Nor again 
can one accept altogether with satisfaction that passage in 
which, after speaking of a comet as of a restive horse, 
Herschel remarks, of the first three observations made on 
a comet, that ^ the third nails it.' 

The fact is that Sir John Herschel shows his real power as 
a scientific writer only when he deals grandly with grand 
subjects. Through this power he was unrivalled as a popu- 
lariser of science. But in the less dignified role of a fami- 
liariser he was not successful. His gambolling was that of 
Behemoth. Nor, indeed, would his failure in this respect 
require notice, were it not that many have been led to follow 
his example in precisely that matter in which it was least 
desirable that he should be imitated. For instance, his 
fashion of calling the solar prominences * things' by way of 
expressing their doubtful nature, has been followed as care- 
fully as if it were an ornament rather than a blemish of his 
style. And one might readily cull from the writings of 
those who have imitated Herschel's familiarity, passages 
which he assuredly would have shuddered at. 

It is not merely necessary that astronomical facts should 
be so presented to the student that he may become possessed 
with a feeling of their reality, but the student cannot be 
rightly said to * have astronomy ' at all (to use Shakespeare's 
apt expression) until he is capable of picturing to himself, 
however inadequately, the truths of the science. A man may 
have at his fingers' ends the distances, volumes, densities, 
and so on of all the planets, the rates at which they move, 
the physical features they present, and a hundred othei facts 
equally important ; but, unless he has in his mind's eye a 
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picture of the solar system, with all ita wonderful variety, 
and all its yet more amazing vitality, he has not yet passed 
even the threshold of the science. He must be able to con- 
ceive the mighty mass of the sim, ruling from the centre of 
the scheme the whole of that &mily to the several members 
of which he distributes their due proportion of light and heat. 
Close around the sun the student must see the family of 
minor planets; small Mercury lit up with inconceivable 
splendour by the sun, round which he speeds with unmatched 
velocity ; Venus and Earth, the twin planets of the solar 
system, alike in all features, save only that Venus has no 
satellite ; and lastly, ruddy Mars, the miniature of our own 
earth. Then beyond the path round which Mars urges his 
course, the student must picture to him^lf the interlacing 
paths of himdreds of asteroids, tiny orbs compared with even 
the least of the minor family of planets, yet each pursuing 
its independent course around the sun, many doubtless ap- 
proaching almost within hail (if one may so speak) of their 
fellow orbs, and many free to depart fer more widely than 
any of the primary planets from the general level near 
which the planetary motions are performed. Then, lastly, 
he should picture to himself that wonderful outer family of 
planets, the least of which exceeds many times in bulk the 
combined volume of all the minor planets and asteroids. 
The vast globe of Jupiter circled about by his symmetrical 
family of satellites, the complex system of Saturn, with his 
gorgeous ring-system and a fsunily of satellites the outermost 
of which has an orbit range of more than four and a half 
millions of miles ; Uranus and Neptune, brother orbs, almost 
lost in the immensity of their distance — all these planets, 
and all the wonders which the telescope has taught us 
respecting them, should be clearly pictured. In particular, 
the enormous distances separating the paths of these bodies 
from each other, and from the sun, should be clearly appro- 
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bended, and that strangely incorrect picture which defaces 
so many of our books on astronomy, wherein the paths of 
the planets are seen separated by nearly equal distances from 
each other, should be as far as possible forgotten. When 
the student has apprehended the fact that the whole family 
of the minor planets could not span the distance between 
the orbits of Jupiter and Saturn, while the distance between 
the orbits of Saturn and Uranus, or of Uranus and Neptime, 
almost equals the full span of the orbit of Jupiter, he has 
already made an important step from mere book knowledge, 
almost useless (in itself), towards that clear recognition of 
actual relations which should be the true end of scientific 
study. 

But beyond the solar system the thoughts of the student 
of astronomy should range until he begins to apprehend to 
some extent the vastness of those abysms by which our solar 
system is separated on all sides from the realm of the fixed 
stars, that is, of the orbs which are the centres of other 
systems like itself. And I know of no consideration which 
tends more clearly to bring this idea before the mind of the 
student than the thought that our suu, with his attendant 
family of planets, is speeding through those abysms with a 
velocity altogether past our powers of conception, while yet 
no signs of his motion, and our motion with him, can be re- 
cognised, even after the lapse of centuries, save by taxing to 
the utmost the powers of our noblest telescopes. The clear 
recognition of this fact, and of its real significance, enables 
the thoughtful student to become conscious of the vastness 
of the depths separating us from the nearest fixed star, 
even though he can never form an adequate conception 
of their tremendous proportions. That within the abysm 
whicli forms his present domain our sun traverses in each 
second four or five terrestrial miles, while yet he seems always 
to hold a fiixed place in that domain, — this is the great fact 



40 ASTRONOMICAL ESSAYS. 

which serves most strikingly to impress upon us the vastness 
of the interstellar spaces. 

There is another, however, which deserves mention. We 
commonly find those comets which sweep round the sun in 
parabolic or hyperbolic orbits, spoken of as visitants from 
the domain of other stars. And so in truth they are. But 
how seldom do we find in our treatises on astronomy any 
reference to the enormous intervals of time which must have 
elapsed since these startling visitants were travelling close 
round some other star, making their periastral swoop before 
setting forth on that enormous journey which had to be tra- 
versed before they could become visible to our astronomers ! 
Taking into account the directions in which certain comets 
have reached us, and assigning to the stars seen in such 
directions the least distances compatible with known facts, 
it yet remains absolutely certain that twenty millions of 
years at least must have elapsed since those comets were last 
in periastral passage. While if, as some suppose, each comet 
(even those which now circle in closed orbits round our own) 
has flitted from star to star during a long interstellar exist- 
ence, the mind shrinks utterly before the contemplation of 
the vastness of the time-intervals which have elapsed since 
those joumeyings first commenced: yet these time-intervals 
afford but an imperfect means of estimating the scale on 
which the sidereal system is built. 

I will not dwell here on those further conceptions — equally 
necessary, I take it, to complete the picture which the true 
student of astronomy should have present in his mind — 
which relate to the constitution of the sidereal spaces, to 
the motions and changes taking place within them, and to 
the relation which the various forms of matter existing 
within those spaces bear to each other, or to the forms with 
which we are familiar. It is to be remarked, as regards 
many of these conceptions, that their nature will depend on 
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the views entertained by the student respecting the accuracy 
of the various theories which Kepler, Wright, Kant, Lam- 
bert, Mitchell, the Herschels, Struve, and others, have formed 
respecting the way in which the various objects revealed by 
the telescope are distributed throughout surrounding space. 
But even though doubt must needs at present rest on many 
points, yet what is actually known is sufficient to form a 
picture full of interest as respects all its visible details, and 
not the less impressive, perhaps, that a large portion of its 
extent is still hidden in darkness and mystery. 

It is little necessary to point out that the course of study 
by which astronomical relations may thus become clearly 
pictured must needs form a valuable mental training. 
Whether we regard the careful analysis of the evidence on 
which astronomical facts rest, the study of the various facts 
as they are brought, one after another, to the student's know- 
ledge, the due co-ordination of each with its fellows, or, 
finally and chiefly, that intention of the mind on the com- 
plete series of facts by which alone their real significance 
can be apprehended, we see in astronomy the apt means for 
disciplining the mind, and fitting it for the noblest work of 
which it may be capable. But, besides the study of astrono- 
mical &cts, we must consider here the actual study of the 
heavens, either with the unaided eye or with the telescope. 
I speak of the study of the heavens with the unaided eye, 
though many in this age of cheap telescopes may be inclined 
to smile at the thought that such study can have any value 
either to the student or to the science of astronomy. As a 
matter of fact, however, I am of those who believe that much 
may still be learned even from the study of the stellar heavens 
without optical instruments of any sort. I would point, in 
corroboration of this view, to the work done by Argelander 
in this seemingly so limited field ; to our still incomplete 
knowledge of the meteoric facts which naked-eye survey 
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is capable of revealing ; and, lastly, to the fact that, from 
the study and charting of those stars alone which are visible 
to the unaided eye, I have myself been led to results tending 
to render untenable the whole system of sidereal astronomy 
as presented in our text-books.* I need hardly say that I 
reject altogether the notion that a telescope of even mode- 
rate power must needs be useless because in our day there 
are so many powerful telescopes, mounted in well-fitted 
observatories, and in the hands of men who are certainly 
not ill qualified to carry out original investigations. 

Now I think that nothing can exceed in value the prac- 
tical study of astronomy by the direct survey of the heavens. 
Setting aside the fact that it is in the student's power to add 
to our store of knowledge, it is of the utmost importance 
that he should become directly cognisant of astronomical 
facts, whether those facts be the seeming motions of the 
celestial bodies, the telescopic aspect of the sun, moon, 
planets, stars, and nebulae, or the statistical relations, 
changes, motions, and so on, of the stars of various orders. 
A student of astronomy whose knowledge is partly founded 
on actual observation holds all his knowledge with far 
securer grasp than one who has devoted his attention, 
however earnestly, to the acquisition of book-knowledge 
alone. 

Yet I find it impossible to pass this point of my subject 
without a word of protest against the use to which the tele- 

* Of course, the weight of this evidence will depend on the eventual accept- 
ance or rejection of the views which I have founded on the above-mentioned 
resf^rcbes. But whether my views be accepted or rejected (and I must frankly 
state that I have not the least anxiety as to their fate), the facts I have 
brought forward must be explained ; and however explained, they must bear 
to a greater or less extent on our theories respecting sidereal astronomy. The 
aggregation of stars in certain regions, and their segregation from others, for 
instance, may be regarded otherwise than I regard these facts ; but the facta 
are there, and they have resulted from the survey of that which so many mis- 
takenly suppose to be an exhausted region of astronomy — ^the relations, 
namely, presented by objects visible to the unaided eye. 
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scopes now erected in every part of England are, with few 
exceptions, being devoted. One can understand that a 
person who has been led by the study of astronomical works 
to possess hiniself of a telescope of greater or less power, 
would in the first place turn it as opportunity permitted 
towards the various objects of which his books have informed 
him. One can understand that he would tax the powers of 
his instrument in attempting to recognise the spots on Venus 
or Mars, the more delicate details of lunar scenery or of the 
sun's surface, the belts of Jupiter, the features of the 
Satumian rings, the duplicity of the closer double stars, 
and the characteristics of those exceedingly diflBcult objects 
of study, the nebulce. But it certainly does seem a misfor- 
tune either that the work should stop here or that work of 
this sort should be continued year after year without aim or 
purpose. Yet in one or other of these ways, not merely the 
hundreds of cheap telescopes at this moment in the hands of 
amateur observers, but numbers of the finest telescopes 
which our Cookes, and Brownings, and Dallmeyers have 
turned out from their manufactories, are simply lost to the 
cause of astronomy. A fine instrument is purchased, and 
erected in a well-fitted and costly observatory ; and during 
the first weeks after its erection the purchaser turns it on 
some of the objects he has read about. Then presently his 
enthusiasm is exhausted, and the telescope is no more used, 
save perhaps to amuse visitors. Or, else, the telescopist's 
enthusiasm waxes fiercer ; he passes night after night in his 
observatory, making his life a burden by unceasing efforts 
to just see with his telescope what one a little larger would 
show him easily ; he sets his clocks and watches and all his 
neighbours' clocks and watches by transit observations ; he 
notes down (to the second or third decimal place of seconds) 
the epochs when the moon occults stars or when Jupiter's 
satellites are eclipsed or occulted ; and he seemingly remains 
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all the while unconscious of the fact that twenty times his 
misplaced energy devoted for twenty lives to such work as I 
have described would produce results simply worth nothing. 

This rule I suggest to every possessor of a telescope as 
one which should be written in letters of gold in his obser- 
vatory, or, rather, as one which should be kept continually 
in his thoughts while working there : Every obaervdtion not 
intended as a mere relaxation from reed work ahovM be 
intended to ascertain some as yet unknown fa/st. Grant 
that the fact sought after may turn out when found to be 
an unimportant one, or even that after much labour no new 
fact may be revealed at all. In any long series of researches 
it must needs happen again and again that labour is wasted. 
But there is all the difference in the world between labour 
wasted unavoidably, and the deliberate employment of time 
and labour in purposeless observations. Bernard Palissy 
wasted years of labour, and all but ruined himself, in seeking 
to master the secrets of pottery ; yet his successive failures 
were justified by his final success — nay, they would have 
been justified by his purpose even though he had failed ; but 
no reasoning can justify the successful labours of the man 
who constructed a carriage complete in all its parts, which 
the wing of a fly could completely cover. The true astro- 
nomer finds it difficult to forgive the telescopists who suc- 
cessfully imitate the work done at Grreenwich in systematic 
observatory work of the most utterly valueless nature, while 
he can admire the unsuccessful labours of Sir William 
Herschel directed to the inquiry whether the planet Uranus 
has rings. 

It will be obvious that careful attention to the rule I 
have stated above will not merely lead to the devisal of new 
applications of telescopic power, but is likely to suggest 
to the ingenious observer new ways of supplementing the 
powers of his telescope. It is only necessary to consider the 
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N'arious contrivances suggested by that prince of modern 
observers, the late Mr. Dawes, to see how, without very 
heavily taxing his inventive or constructive powers, the 
observer may enter on researches which his telescope as it 
came from the hands of the maker would not have enabled 
him to carry out successfully. Nor can one study the 
labours of any of our more successful observers without 
seeing how very readily new researches may be eflFected by 
contrivances of extreme simplicity. 

I would next invite attention to the absolute necessity of 
independence of mind in the study of the noblest of all the 
sciences. I would not indeed advocate a readiness to dispute 
the dicta of the great men who have devoted themselves to 
the advancement of astronomy ; nor again is it fitting that 
the student should attempt to make independent inquiries 
into matters belonging to such branches of the science as he 
has not yet familiarised himself with. It is neither dispute 
nor cavil that I advocate, but the careful examination and 
analysis of all statements submitted to the student's con- 
sideration, and the attempt to render the subject as far as 
possible his own by such a survey of the evidence as will 
suffice to give him independent reasons for believing in the 
correctness of the conclusions of his teachers. It will not 
unfrequently happen that while thus engaged he will detect, 
or imagine that he has detected, errors of greater or less 
importance. He should be prepared to find that in most 
cases these seeming errors have no real existence, but 
arise from misapprehensions on his own part — a circumstance 
which will of itself serve to convince him of the extreme 
importance of the kind of investigation by which such 
misapprehensions have been brought to light. But in other 
instances he will find that there has been a real error in his 
text-book — a fact which will equally convince him of the 
importance of the careful analysis of all statements lying 
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within his range of investigation.* I would quote here the 
words of Professor Huxley, both as to the value of scientific 
doubt, and as to the nature of that sort of doubt which the 
student should alone permit himself: * There is a path that 
leads to truth so surely, that any one who will follow it must 
needs reach the goal, whether his capacity be great or small. 
And there is one guiding rule by which a man may always 
find this path, and keep himself from straying when he has 
found it. This golden rule is, " Give unqualified assent to no 
propositions but those the truth of which is so clear and dis- 
tinct that they cannot be doubted." The enuticiation of this 
first commandment of science consecrates doubt. It removes 
doubt from the seat of penance among the grievous sins to 
which it had long been condemned, and enthrones it in that 
high place among the primary duties which is assigned to it 
by the scientific conscience of these latter days.' But * you 
must remember that the sort of doubt which has thus been 
consecrated is that which Goethe has called "the active 
scepticism, whose whole aim is to conquer itself; " and not 
that other sort which is bom of flippancy and ignorance, and 
whose aim is only to perpetuate itself as an excuse for idle- 
ness and indiflFerence.' 

I have not hitherto referred specially to the grandeiu* of 
the facts with which the student of astronomy becomes 
acquainted. Certainly in this respect Astronomy stands 
before all other sciences. Geology alone approaches her in 
respect of the vastness of the time-intervals which either 

* The necessity of sach inquiry is increased by the circumstance that too 
often the statements made in one work on astronomy are repeated without 
modification or examination in others, thence to be requoted in other works 
with, perhaps, fresh errors due to misprints, misapprehension, &c. For in- 
stance, I have noticed that in a popular text-book of astronomy, from mis- 
apprehension alone, two out of three methods of determining the longitude 
have been wrongly described, and in three several instances the actual reverse 
of the truth has been asserted in the explanation of so simple a matter as the 
equation of time. May it not be questioned how far it is just that those who 
have still so much to learn should undertake to write text-books of science ? 
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science presents to our contemplation. But as respects 
extension in space, the domain of geology is utterly insigni- 
ficant by comparison with even the threshold of that vast 
domain into which astronomy invites us. The geologist's 
field of research is indeed, as the most distinguished living 
geologist has remarked, ^ insignificant when compared to the 
entire globe of the earth ; ' and astronomy teaches us to 
regard that globe, and even the system to which it belongs, 
as occupying the merest speck of space by comparison with 
the visible portion of the star-system ; while the sphere 
enclosing all the stars visible to the naked eye is small by 
comparison with the spaces revealed by the telescope, and 
infinitely small by comparison with those spaces whose 
existence is suggested by telescopic research. Nor is even 
the vastness of the domain of astronomy the noblest feature 
of the science. The wonderful variety recognised within 
that domain is perhaps but faintly pictured in the solar 
system with all its various forms of matter — sun, primary 
planets, and moons; major planets, minor planets, and 
asteroids; planet-girdling rings, meteoric systems, and 
comets ; with perchance other forms of matter hitherto un- 
reco^ised. And beyond the wideness of the domain of 
astronomy and the amazing variety recognised within that 
domain, there remains the yet more impressive lesson taught 
by the infinite vitality which pervades every portion of 
space. I apprehend that if such powers of vision, and also 
(for they would be even more needed) such powers of con- 
ception, were given to the astronomer that the extent of 
that domain which the telescope has revealed to man could 
be adequately recognised, while he further became cognisant 
of the way in which the various portions of that domain are 
occupied, that, deeply as he would be impressed by the 
amazing scene, the sense of wonder he would experience 
would sink almost into nothingness by comparison with that 
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which would overwhelm him could he recognise with equal 
clearness the movements taking place amongst the orbn 
presented to his contemplation — could he see moons and 
moon -systems circling around primary planets, these urging 
their way with inconceivable velocity around their central 
suns, while amid the star-depths the suns were seen swiftly 
travelling on their several courses, star-streams and star- 
clusters aggregating or segregating according to the various 
influences of the attractions to which they were subject, and 
the vast spaces occupied by the gaseous nebulae stirred to 
their inmost depths by the action of mighty forces whose 
real nature is as yet unknown to us. The mind cannot 
but be strengthened and invigorated, it cannot but be 
piurified and elevated, by the contemplation of a scene so full 
of magnificence, imperfect though the means be by which 
the wonders of the scene are made known to us. The in- 
formation given by the telescope is indeed but piecemeal, 
and as yet no adequate attempts have been made to bring 
the whole array of known facts as far as possible into one 
grand picture ; but, seen as it is only by parts, and (even 
so) only as through a veil and darkly, the scene presented 
to the astronomer is the grandest and the most awe-inspiring 
«?hich man can study. 

Fraser^s Magazine for September 1871. 
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THE PLANET MARS, 

Of the planets within the orbit of Uranus, Mars appears, at 
first sight, to be the least inviting object of study to the 
observer armed with moderate telescopic power. Jupiter, 
from the noble aspect of his disc, and the ever-varying con- 
figurations of his attendant orbs, is among the most charm- 
ing of telescopic objects. With a telescope of somewhat 
higher power than that available for the study of the larger 
planet, Saturn bears away from him the palm for splendour 
of appearance, and for the wonderful yet symmetrical 
beauty of Ms attendant system. Venus and Mercury, in 
a lesser degree, although both are 'difficult' objects, yet 
attract the young observer, by the lowness of the powers 
with which their varying phases are made conspicuously 
visible. Mars, on the other hand, presents no features 
which a telescope of very low power can reveal ; and even 
with a telescope of considerable power, some patience, com- 
bined with skill and practice in observation, are required to 
enable the observer to interpret satisfactorily the phenomena 
presented to him. Yet it must not be forgotten that, of 
all the planets. Mars is that which is in reality the most 
&vourably situated for telescopic research ; or, rather, it 
would not be saying too much to assert that Mars is the 
only object in the heavens whose examination is capable of 
supplying an answer to some of the questions which most 
largely interest the thoughtful mind. With the telescopes 
vet constructed, indeed, it were too much to hope that very 

■ 
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exact information as to the physical condition of Man 
should be gleaned, under whatever circumstances the planet 
may be observed ; nor would the simple increase of magnify- 
ing power, which the past history of the telescope leads us* 
to hope for and expect, conduce greatly to the attainment 
of the above-named object. But it does not seem too much 
to hope that some day (haply not so far distant) the lesson 
taught us by Professor Smyth's TeneriflFe experiment will be 
appreciated as it deserves. Then a telescope surpassing in 
power any yet constructed shall be placed where alone the 
power of such an instrument can be efficiently exerted — 
where Newton long since told men that such an instnunent 
should be placed — far above those denser atmospheric strata 
whose disturbances never cease, and are magnified and 
aggravated by every increase of telescopic power. When 
this is done, we may look in Mars for that which has long 
been sought for fruitlessly upon the lunar surface^ — the 
signs of life, of change, of progress, of decay. In one 
point, indeed. Mars has already supplied such evidence; 
since, as we shall presently see, he exhibits, in regular 
succession, appearances corresponding to changes well known 
to be taking place regularly upon our earth. 

There is another circumstance which tends to heighten 
the interest with which the astronomer regards this small 
planet. Its motions, watched for many long years by Tycho 
Brahe, and studied for twenty years by the ingenious Kepler, 
were the means of overthrowing for ever the elaborate 
system of errors and hypotheses known as Ptolemaic astro- 
nomy. They afiForded also to Newton the first hint on 
which he founded the law of universal gravitation. The 
figure of Mars's orbit, and the relation which that orbit bears 
to the orbit of our earth, rendered the planet the most 
fitting, one may almost say the only fitting, member of the 
solar system for the purposes Kepler had in view. 



' M 



THE PLANET MABS. 51 

As it is necessary for the right understandiDg of the 
appearances presented by Mars at successive returns to 
opposition that the nature of his orbit should be rightly 
understood, I shall solicit the reader's patience while I rim 
as briefly as possible through the points of chief importance. 
This is the more necessary because no popular work on 
astronomy (that I at least have ever met with) presents with 
any approach to accuracy this very important feature of the 
solar ^atem. Even that admirable and interesting work, 
Guillemin's ' Heavens^' deak very inadequately, though at 
some length, with this question. 

In Plate II., EjEjE^E^ represents the orbit of the earth, 
and MfMfMjM^ that of Mars. M is the perihelion of Mars\s 
orbit, which, it will be observed, is noticeably eccentric (Cp 
the centre, being 1 3,000,000 miles from the sun), M' the 
aphelion ; E is the perihelion of the earth's less eccentric 
orbit (whose centre is at C,), E' the aphelion. The arrows 
indicate the direction in which both planets revolve around 
the sun. The plane of Mars' orbit is inclined at an angle 
of 1*^ 51' 5" to that of the earth, the points marked Q and 
e being those at which the o.rbit of Mars intersects the 
plane of the earth's orbit ; at M, and M. Mars attains his 
greatest distance from the plane of the earth's orbit, the 
short arrow indicating, as nearly as possible, on the scale of 
our figure, the distance at which Mars is above and below 
the plane of the ecliptic at these two points respectively. 
Of the absolute dimensions of the two orbits, it will be 
sufficient to say that the greatest and least distances of the 
earth from the sun are respectively 93,190,000 and 90,1 10,000 
miles, the greatest and least distances of Mars 152,670,000 
and 126,620,000 miles. 

Mars takes 686*979 days in completing one circuit around 
the sun ; thus it is easily calculated that the mean interval 
between successive oppositions is 779*836 days. Owing-. • 

B 2 
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however, to the great eccentricity of Mars's orbit, and the 
consequent considerable variation in the rate of his motion 
around the sun, the successive synodical revolutions of the 
two planets vary in length, being greater or less according 
as opposition occurs near perihelion or near aphelion re- 
spectively. The positions of the oppositions from 1867 to 
1881, marked in Plate II., will be sufficient to indicate this. 
The line of opposition travels round in the order of the 
signs. After travelling tvnee round the zodiac, the line falls 
very nearly in the position it had at starting, such double 
revolution occupying thirty-three years, in the course of 
which Mars has been fifteen times in opposition. 

It will be obvious, from a moment's inspection of Plate II., 
that the appearance presented by Mars, when in opposition 
near M,* must be v^ry diflferent to that presented when he 
is in opposition near M' : the distance of Mars in the former 
case being less than his distance in the latter case in the 
proportion of about 19 to 37 ; or, in miles, the former dis- 
tance is 34,140,000, tie latter 61,860,000 miles. Hence 
arise variations in the magnitude of the disc presented by 
the planet ; and since Mars in perihelion is more brilliantly 
illuminated than when in aphelion, his apparent brightness 
is yet further increased. By the first cause his brightness 
is increased as the squares of the numbers 37 and 19, and 
by the second as the squares of the numbers 41 and 34 ; or, 
on the whole, his brightness, when in opposition in perihe- 
lion, is about five times as great as his brightness at oppo- 
sition in apbelion. So bright does he appear, when the 
first conditions are nearly approximated to, that his appear- 
ance has caused alarm to the uneducated. Theoretically, 

* Owing to the eccentricity of the earth's orbit, and the cirenmftance that 
the perihelia of the two orbits hare different positions, M is not abaoluteljr 
the point of Mars's orbit which lies nearest to the earth's orbit The point of 
nearest approach precedes M by a small arc, which (were it worth while) it 
would be easy to calculate. 
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indeed, he ought to appear brighter at such times than 
Jupiter himself at his brightest, since the disc of Mars, 
smaller than that of Jupiter in the ratio of 24 to 49, is 
more brilliantly illuminated in the greater ratio of 472 to 
1 26, so that Mars should appear brighter than Jupiter in 
the ratio of about 5 to 3. Jupiter, however, sends us more- 
light, probably because his atnu)q>here bears krge belts and 
masses of clouds capable of reflecting light very perfectly, 
and also preventing the loss of light which would accrue in 
the double passage throiigh the planet's atmosphere. The 
studies of our leading astronomers and physicists leave little 
doubt that the light by which we see Mars has suffered 
diminution in this way to a very considerable extent. 

Oppositions of Mars near perihelion occur at intervals 
of fifteen and seventeen years successively. Sometimes it 
happens, as in 1860 and 1862, that two successive oppositions 
occur at nearly equal distances* from perihelion ; it follows 
that the next opposition near perihelion (in 1877) will fall 
midway between these positions, or very much nearer peri- 
helion than either of the two others; in other words,. Mars 
will be very favourably situated for observation in 1877 ► 
Much of the superiority of perihelion-oppositions is^ how- 
ever, lost in our northern latitudes, since these oppositions 
occur in August ; and the sun being high by day, it follows, 
of course, that the ecliptic (near which Mars is always situate) 
is low by nights On. the other hand, it is clear from the 
figure that, if Mars is in opposition in midwinter, wlien of 
course he has a considerable altitude at night, he is too 
near aphelion to- be favourably seen. On the whole, it 
follows that the most favourable season in which Mars can 
be in opposition,, is towards autumn (when he is near Q 
of Plate II.). At this season, while not very far from peri- 
helion, he attains an altitude of from 55** to 60° on the 
meridian. Such^/ux opposition took place in 1862, when very 
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;i/lrritrakle viienrf of 3Ian were oUained bjr Messrs. Dawes, 
f >#ckjer, and PhillipCt suid br others of oar best obaen-ers. 
Th#f opposition of 1%64 wai abo a very &voarable one. 

Kftt another circonutanoe remains to be considered. The 
planet, rotating on an aris oonsiderablv inclined to the plane 
of the orMt (and also to the ecliptic), presents at different 
ifeasons different aspects, not onlj with reference to the sun 
but also to the observer on the earth. At one time his north 
pole is bowed down towards the son, at another his south 
pole ; and the same relations, only in a somewhat more 
complex order, are maintained with respect to the earth. If, 
then, the astronomer would rightly study the peculiarities of 
our neighbour Mars, he must examine the planet at opposi- 
tions occurring in every part of its orbit. 

As reffpects the inclination of Mars^s axis to the plane of 
hiH orbit, and the other elements on which his seasons and 
the appearance he presents to us depend, we have the deter- 
minations of Sir W. Herschel. He estimated that the North- 
Martial spring occurs when the planet is in longitude TO"* 28' 
(the longitude indicated in the figure is 78**); the obliquity 
of the Martial ecliptic he set at 28* 42^ ; and the inclination' 
of Mars's equator to the earth's orbit at 30** 18''. I fear it will 
\ye considered somewhat rash to impugn results obtained by 
Sir W. Herschel. Standing, as he does, in the very foremost 
nink among observers, and facile princeps as an interpreter 
of observations, astronomers justly look on his opinions 
almost as laws. Yet I think, if we consider the nature of 
the observation, and the character of the instruments used 
by Herschel, we must admit the fact that he attributed to 
his results an exactness they were not capable of possessing. 
The pictures of Mars given by Herschel are sufficient to 
show that the instrument he used was far inferior in defining 
power to those with which De la Rue, Dawes, Lockyer, and 
Phillips have examined the planet. Now, let us see on what 
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indications furnished by Mars (thus viewed) Herschel founded 
the determinations above recorded. Beferring to the paper 
in the ^ Philosophical Transactions,' * we find that the indi- 
cations he trusted to were the motions of spots across Mars, 
and the appearance or disappearance of certain bright spots 
near the Martial poles. In fetct, firom the nature of the case, 
it is obvious that no other sort of evidence was available. 
The necessary observations were repeated at intervals, as the 
weather permitted, and carefully reduced (on just mathema- 
tical principles) in accordance with the motions of Mars and 
the earth in their respective orbits. Now, if we consider the 
minuteness gf the disc presented by Mars, the variable 
appearance of the spots and points upon his surface, and the 
extreme difficulty of assigning, with any approach to exact- 
ness, the period or place at which a spot or point becomes 
visible on the edge of a rotating sphere, even when such 
sphere is distinctly (and permanently) marked, we shall see 
that, even with the best modem instruments, it would be 
impossible to determine the inclination of Mars's axis within 
two or three degrees, or the place of his vernal equinox 
within seven or eight degrees. Those who are best able to 
appreciate Herschel's work as an astronomer will be precisely 
those who will most clearly recognise the difficulty of the 
problem he attacked. It is to be wished that some of our 
modem observers would re-examine the subject. That very 
little attention has been bestowed upon it by writers ou 
astronomy will be evident firom this, that the numbers given 
by Herschel are repeated, not only without comment, but even 
without those chaxxges which the variations in the orbit of 
the planet render necessary. Griven the position of Mars's 
axis with respect to his orbit, and the position of his orbit 
with respect to the earth's, then the position of his axis witli 
respect to the earth's orbit follows at once. If either of the 

» PAH. I\'an8. 1784. p. 241. 
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data vary, the result will vary. Now, the second datum has 
varied largely since Herschel's time ; but no corresponding 
variation in the angle 30^ 18^ (named above) has been intro- 
duced into our works on astronomy. 

The diameter of Mars is difierently estimated by different 
astronomers. In Madler's ^Elements,' 4,070 miles is as- 
signed as the planet's equatorial diameter. Most obser\'er8 
assign a larger diameter : Hind, in his ^ Astronomy,' giving 
the planet a diameter of 4,500 miles. These estimates are, 
of course, founded on the old estimate of the sun's distance. 
It seems probable that 4,150 miles on that estimate, or 
4,000 miles, if the modem reduced estimate of the sun's 
distance is accepted, is not very far from the true diameter 
of the planet. .In other words, the linear dimensions of 
Mars are about one-half those of the earth, or t¥rice those 
of the moon. More roughly, his surface is about one-fourth 
that of the earth, or four times that of the moon ; and, yet 
more roughly, his volume about one-eighth that of the 
earth, or eight times that of the moon. 

Herschel determined the compression of Mars at •^. 
Modem observers greatly reduce this quantity. Professor 
Kaiser, of Leyden, makes the compression -^^^ ; Main, of 
the Radcliffe Observatory, deduced -^ in 1862, but in some 
earlier measurements made the polar greater than the equa- 
torial diameter. Mr. Dawes, applying two modes of mea- 
surement, found, from the first, no compre9sion ; from the 
second, he found the polar greater than the equatorial 
diameter. Is it going too far to say that the oblateness of 
Mars' figure is not yet determined satisfactorily ? Probably 
it is too small for measurement. 

Herschel made Mars's rotation-period 24 h. 39 m. 35 s. ; 
Madler gives 24 h. 37 m. 23*7 s. ; and Professor Kaiser con- 
siders 24 h. 37 m. 22-6 s. the true value. My own estimate of 
the rotation-period is 24 h. 37 m. 22*735 s. (see Appendix A). 
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It is not to be assumed that Mars presents at all seasons 
identical features. It is found, in fact, that, besides periodic 
changes in the dimensions of those two white caps near the 
polar regions which have so long been recognised as 

The snowy poles of moonless Mars, 

the details of other portions of his surface vary from time to 
time. Spots and patches clearly made out on one occasion 
appear blurred and indistinct on another — though the same 
telescope may be used, and our own atmosphere (as tested 
by the performance of the telescope on double stars) may be 
in a state as well suited for definition. The colour of the 
planet is also variable; the redness (compared to a faint 
tinge of Indian red by some observers, and to a coppery 
tint by others), and the greenish-grey tint of the darker 
parts of the disc, being much more marked on some 
occasions than on others. Another phenomenon — the pale- 
ness of the disc round the edges — is also variable. 

The variations in the appearance of Mars are clearly 
explicable on the natural hypothesis of an atmospheric 
envelope, such as that surrounding oiur own earth, bearing 
clouds and mists over the surface of the planet. Judging 
by the analogy of our own earth, we may consider that the 
planet's cloud-covering would vary in density not only from 
place to place upon the surface, but, considered as a whole, 
from season to season, and from year to year. It gives a 
high idea of the difficulty of the problem attacked by 
astronomers, in examining Mars, to note that, for favourable 
research, we must have a fine night upon our earth, and a 
clear day on Mars, combined with favourable circumstances 
of distance, altitude, and presentation; that we cannot 
watch the planet through any single Martial year, but must 
be content to piece in the observations of different seasons 
of different years ; and, finally, that Mars, when in opposition 
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at the solstice of one of his hemispheres, is nearly twice as 
far from ns as when in opposition at the corresponding 
solstice of the other hemisphere. 

Notwithstanding these difficulties, many excellent drawings 
of Mars have been taken by astronomers, the planet being 
shown in almost every possible presentation. Among those 
who have distinguished themselves in such work must be 
mentioned Sir W. Herschel, Messrs. Beer and Madler, 
Kunowski, Lockyer, Phillips, and De la Rue. The drawings 
obtained by the late Mr. Dawes surpass, however, all others 
in interest. Being desirous of charting the planet, I ven- 
tured to apply to Mr. Dawes for tracings of a few drawings 
taken when the planet was presented in various ways to us. 
With the kindness for which he was so remarkable, and 
which endeared him so much to all who became acquainted 
with him, he immediately sent me ten or twelve drawings, 
and afterwards searched through his note-books for others. 
In all, if I remember rightly, he sent me twenty-one 
drawings, taken in 1852 (a most valuable series in this 
year), in 1856, in 1860, and in 1862. 

The task of charting Mars from these drawings was not 
so easy a one as might at first sight have been supposed. 
Mr. Dawea had taken them at various hours, and there was no 
ready means of determining the position of the planet's axis 
in each case* A tentative process had to be gone through 
— for I was anxious that the charting of Mars should be 
independent of all previous efforts in that direction. 

Having calculated the presentation of Mars for the date 
of each drawing, I drew on tracing-paper the meridians and 
parallels properly presented (on the scale — in each case — of 
the corresponding drawing by Mr. Dawes)* Then beginning 
with the most promising view, I placed the tracing-paper 
over the picture of the planet, giving that position to the 
polar axis which corresponded most closely with the assigned 
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position of the polar snow-caps. Then on a projection of the 
meridians and parallels of a globe on the equidistant projec- 
tion, I drew in the lands and seas of Mars as they appeared 
under the meridian-lines on the tracing-paper. I next 
repeated the process for other drawings in which the same 
features were presented. 

At first there was little accordance between the results 
thus pencilled on my chart-projection. This was caused by 
erroneous selections of the axial line of Mars, which — it 
must be remembered — does not correspond with the position 
of the polar snow-caps. But gradually I began to get over 
this difficulty, and the views began to show a much closer 
agreement. Still there were slight discrepancies, and these 
when reduced as much as possible by shifting the assumed 
position of the axis, I was obliged to ascribe to such slight 
errors as could not fail to appear in drawings so full of 
detail and taken under such circumstances of difficulty as 
were Mr. Dawes' pictures. Therefore, having drawn in all 
the outlines deducible from pictiu-es nearly approaching each 
other in phase, I considered a mean outline taken through 
the others to be as nearly as possible correct. 

It must be understood that the amount of Mars's surface 
covered by one such series of processes would be very much 
less than a full hemisphere, since — firstly, the part of Mars 
near the limb was not drawn in so distinctly in Dawes' pic- 
tures as the rest, and secondly, a small mis-drawing in an 
orthographic presentation of a planet becomes much more 
important as we leave the centce of the disc, so that I did 
not consider myself justified in using those delineations 
which were not near the centre. It must also be remembered 
that, as the drawings were not taken at periods separated by 
regular intervals of Martial time, it was very necessary to 
apply to each a correction calculated according to the true 
value of Mars's rotation-period. Thus it will be understood 
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that before the whole of the sur&ce of Mars had been charted 
a considerable amount of labour had been given to the sub- 
ject. Those who have never tried work of this sort would 
hardly be able to conceive how perplexing it often becomes.* 
But one circumstance was very pleasing. I found that the 
more carefully I worked at the chart, the more thoroughly 
the true value of Mr. Dawes' drawings came out. I had 
had little conception, when I began the work, either o£ 
the acuteness of his vision or of the accuracy of his powers 
of delineation. The tracings be sent me were partially 
covered with faintly marked streaks which I had at first 
supposed to be merely random touches thrown in to indicate 
the general appearance of that part of Mars to which they 
belonged. But I soon found that every one of these streaks 
was to be taken as the indication of a Martial marking 
which Mr. Dawes had actually seen. The strange variations 
of figure which a spot on a globe imdergoes when the globe 

* Soon Aftut the abore ttatement appeared, an attempt was made by & writer 
in the Athenaum to hand over the resulte of my labours to my friend Mr. 
Browning. The latter had, at my suggestion, made a globe fh>m my equi- 
distant chart of Mars ; and he had exhibited at the Royal Society some beautiful 
stereograms of this globe. The globe itself had been exhibited at the meeting 
of the Astronomical Society in May 1868, with sufficient reference to the 
source whence its features had been copied. But the writer referred to, in 
describing the photographic pictures of the globe, spoke of them as derired by 
Mr. Browning from Mr. Dawes' drawings. It appeared to me desirable to 
correct what I at the time regarded as a mere oversight. For, my part of the 
work had been by no means light, and without it Mr. Dawes' drawings, beauti- 
ful though they were, had given very little kiformation as to the areography of 
Mars. My reclamation was not well received. I was gravely assured that I 
had not done what I supposed ; but that what I had really done was to deter- 
mine the rotation-period of Mars. On my pointing out that this work was 
distinct ^m the other, which was also mine (my chart being published five 
months before its features were reproduced, without the slighest modification, in 
Mr. Browning's globe), the anonymous writer asserted that his original state- 
ment was quite correct; but he suddenly found that the matter was not worth dis- 
puting about, though he had been warm in his laudations when handing over my 
work to another. I should add that he had also assigned to Mr. Browning 
the credit due to Prof. Phillips, of having been the first to construct a glob^ 
of Mars. This I corrected, as also did an anonymous correspondent. 
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is looked at in various directions, bad prevented me at first 
from recognising the identity of Beveral lai^e markings. 
Mr. Dawes himself was not aware, in some cases, that a spot 
which was presented with one figure in one drawing was in 
reality the same as one which appeared with a totally dif- 
ferent figure in another drawing. But when due account 




Fio. 1. Chart of Han on Mercstor'i Prqectioo. 



was taken of the effects of foreshortening, the almost perfect 
correspondence between the different views, indicated at 
once the accuracy of Mr. Dawes' drawing, and the per- 
manence of the spots which mark the globe of Mars. 

The result was the construction of a chart of Mars con- 
taining a number of features which had not before appeared 
in works of the sort. In my ' Half-hours with the Telescope,' 
(Plate VI.), a small copy of the equidistant chart originally 
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drawn by me is presented. Fig. 1 represents the same 
features on Mercator's projection.* 

A feature of the planet Mars which has attracted some 
attention has been incidentally noticed above. I refer to the 
whiteness of the disc near the limb. This phenomenon is 
worthy of a careful examination ; and I believe that the 
true explanation has not yet been put forward. 

In the first place it is to be remarked that this phenomenon 
is real and not merely apparent. The edge of Jupiter's 
disc seems to be brighter than the central part, but is in 
reality darker. I believe ninety-nine observers out of a 
hundred would be deceived regarding this feature of Jupiter, 
if they trusted to the imaided eye. Why it should be so is 
not perhaps very easy to say. Perhaps the contrast between 
the dark background of the sky and the illuminated limb of 
the planet tends to give to the latter a brightness which does 
not belong to it. Be this as it may, a series of observations 
which Mr. Browning has lately made of Jupiter, with the 
express object of determining this question, has resulted in 
placing the greater darkness of the planet's limb, as com- 
pared with the central part of the disc, beyond a doubt. He 
used darkening glasses perfectly graduated from end to end, 
and by this means was enabled to obtain the most accurate 
estimate of the relative brilliancy of various parts of the disc. 

But the greater darkness of Jupiter's disc near the limb is 
what was theoretically to have been expected. An opaque 
globular body directly illuminated by a distant luminous 
orb should appear brightest in the centre of its disc ; because 
the real illumination diminishes as the angle at which the 
light-rays meet the surface diminishes, and the apparent 
brilliancy at any point of an object is always equal to the 
real illumination at the point. 

* In my Other Worlds will be found a coloured chart of Man on the 
stereographic projection. 
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In the case of Mars, then, the apparent illumination of 
different parts of the disc varies in a manner which is 
directly the reverse of what was theoretically to be expected. 
Therefore, it behoves us to determine with so much the 
greater accuracy whether the eye may not be deceived in 
this as in the former case. I believe the experiment applied 
by Mr. Browning to Jupiter's disc has never been applied 
to that of Mars. But, fortunately, a series of photometrical 
experiments by Dr. Zollner, although not directed to the 
question we are considering, but to the detennination of 
the total amount of light received from Mars at different 
epochs, yet affords a satisfactory reply to our doubts. For 
it will be easily understood that when a globe is not illimii- 
nated strictly according to the usual law — but, from some 
reason unknown, presents an anomalous variation of brilli- 
ancy — the total amount of light received from it at different 
times will not correspond with the estimate deduced accord- 
ing to the usual law. For example: the moon's light at 
full does not bear to the moon's light at the quarter the 
proportion which would exist if the moon were a perfectly 
smooth globe, and therefore illuminated strictly according 
to the law mentioned above (in dealing with Jupiter). And 
by assuming — what is practically the case — ^that the illumi- 
nation of the hemisphere of Mars turned towards the sun 
varies according to some law depending merely on the dis- 
tance from the central point of that hemisphere, it follows 
that, by noting the amount of light received from Mars at 
diflferent times — and especially by comparing the amount 
received from him in quadrature, with that received when 
he is in opposition — it becomes possible to deduce the law 
according to which different parts of his disc are illuminated. 
For although when Mars is in quadrature his gibbosity is 
not very remarkable, yet the true centre of the illuminated 
hemisphere is removed a considerable distance from the 
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centre of the disc, and the total illumination is therefore 
affected in a remarkable manner by the planet's gibbosity. 

Accordingly, ZoUner was able to estimate the anomalous 
illumination of various parts of Mars's disc. He had already 
done this in the case of the moon, and had come to the con- 
clusion that the anomalies in the lunar illumination (mean) 
are due to the existence of irregularities over the moon's 
surface, and he estimated the mean angle of inclination of 
the slopes of the lunar mountains to be somewhat over fifty 
degrees. Assuming that the same explanation held in the 
case of the anomalies of Martial illumination, he found that 
the surface of Mai's must be covered with mountains having 
a slope of about seventy-six degrees. 

But this view is surely untenable. We can accept Zollner's 
explanation in the case of the moon ; in fact we may almost 
say that it is obviously the true one. We can conceive no 
other cause available to produce the effect considered, and 
further we see that all over the moon there are mountains 
having very steep sides. But in the case of Mars we cannot 
admit such an explanation, because a large part of the sur- 
face of the planet appears to be covered with water, and 
because also a slope of seventy degrees and upwards is out- 
rageously steep. Mars ought to be covered all over with hills 
shaped like sugar-loaves to account for his anomalous illu- 
mination in the way suggested by ZoUner. 

To me a far more natural way of explaining the difficulty 
seems to be the following. We have every reason for 
believing that clouds form over the surfiEice of Mars as over 
that of the earth. Secchi, Dawes, Lockyer, and Browning 
agree in describing effects which can scarcely be due to any 
other cause. And besides we shall presently see that there 
is good reason for feeling absolutely certain that the vapour 
of water exists in large quantities in the atmosphere of Mars. 
Now, it would not be a very bold speculation to argue from 
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the observed aDomalies in the illumination of Mars, that 
clouds prevail much more towards (Martial) morning and 
evening than in the middle of the day. If this were so, it 
would, of course, follow that the parts of Mars which as seen 
from the sun lie near the edge of the limb, would be much 
more brilliant than the rest. For they are the parts where 
it is morning or evening with the Martialists; therefore, 
according to the assumption, they are cloud-covered ; but 
clouds reflect much more light than the solid or liquid sur- 
face of Mars ; therefore these parts of the disc would seem 
proportionately more brilliant. 



Fio. 2. Explaining the brightneBs of the edge of the disc of Mars. 

But we are not even required to make such an assumption 
08 this. For if clouds were pretty uniformly distributed 
over the whole surface of Mars there would still result a 
greater brilliancy of the limb. Consider Fig. 2 for example. 
Here a fourth part of the circumference of Mars is supposed 
to 1)6 illuminated by the sun on the left, and clouds are 
represented which are arranged with perfect uniformity all 
rotind this quadrant. When the light falls between the 
clouds, it is supposed to be returned after & considerable ab- 
sorption, corresponding to the shaded spaces. When it falls 
on a cloud, it is supposed to be returned after much less 

r 
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absorption — that is, to remain much more brilliant after 
reflection —corresponding to the unshaded spaces. And it is 
at once seen that near the limb all the light is (in this ima- 
ginary case) derived from reflection at the clouds, whereas, 
near the centre of the disc, the larger proportion is derived 
from reflection at the real surface of the planet. 

There is nothing doubtful in the above explanation, except 
the assumed existence of small clouds — invisible separately 
to the naked eye. But this assumption seems at once more 
natural, and to explain the difficulty better than the sugar- 
loaf mountains of ZoUner. 

It may be, however, that when the sun is near the horizon 
of Mars, heavy mists hang in the air, as happens commonly 
enough, with us, both in the morning and in tUe evening. 
This wotild account equally well for the observed pecub'arity. 

I should be glad to hear that anyone armed with a tele- 
scope of adequate power had done something to test the 
climatic relations of Mars, and also the diurnal changes in 
the state of the Martial atmosphere. By noticing at what 
part of the disc the features appeared most distinct (allow- 
ance being made for real differences in the distinctness of 
the markings), something might readily be done in this way. 
The spectroscope also might be rendered very efficiently 
available in this inquiry. It has been already noticed by 
observers that the winter hemisphere is perceptibly less dis- 
tinct on the whole than the summer hemisphere. But then, 
as there are places on earth where the winter climate is drier 
than elsewhere, so it may be that parts of the winter hemi- 
sphere of Mars may be more distinct than others. In con- 
sidering diiunal changes account must be taken of the 
gibbosity of Mars at the time of observation, because, as we 
have said, the centre of the disc of Mars may be far removed 
from the centreof the illuminated hemisphere. 

Perhaps the most remarkable discovery yet made respect^ 
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ing the physical condition of Mars, is that contained in a 
communication addressed to the Royal Astronomical Society, 
by Mr. Huggins, early in the year 1867. From this paper 
I extract the following particulars. 

On several occasions during the opposition of 1867, Mr. 
Huggins was able to make observations of the spectrum of 
the planet's light, or, to use his own accurate phraseology, 
^ of the solar light reflected from the planet.' During these 
observations he saw groups of lines in the blue and indigo 
parts of the spectrum. But the faintness of this part of the 
spectrum did not permit him to determine whether these 
lines are the same as those which occur in the same part of 
the solar spectrum, or whether any of them are new lines 
due to absorption undergone by the light at reflection from 
the planet. 

He also detected (as in former observations) several strong 
lines in the red part of the spectrum, and it is to these that 
the chief interest of his paper attaches. He saw Fraunhofer's 
c very distinctly, and another line about one-fourth of the 
way from c towards b. As the latter line has no counterpart 
in the solar spectrum, it was clearly due to an absorptive 
effect produced by the planet's atmosphere. On February 
14, Mr. Huggins was able to detect faint lines on both sides 
of Fraunhofer's d. These lines occupied positions in the 
spectrum apparently coincident with groups of lines which 
make their appearance in the solar spectrum, when the sun 
is low down — so that its light has to traverse the denser 
strata of the atmosphere. It remained however to show that 
these lines were produced by the atmosphere of Mars, and 
not by that of our own earth. This Mr. Huggins effected in 
the following manner : — The moon was, at the hour of ob- 
servation, somewhat lower down than Mars, so that if the 
lines were due to the absorptive effects of our atmosphere, 
they should have been more distinctly marked in the spec- 

F 2 
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trum of the lunar light than in that of the light from Mars. 
But when the spectroscope was directed to the moon these 
lines were not visible, thus conclusively proving that the 
lines were caused by the absorptive action of the Martial 
atmosphere. Mr. Huggins noticed in confirmation of thin 
that the lines seemed more distinct in the light from the 
margin of the disc, but he was not quite certain on this 
point. 

This observation proves the presence of aqueous vapour 
in the atmosphere of Mars, since the lines in question have 
been shown to be caused, in the case of our atmosphere, by 
the vapour of water. 

From the spectroscopic analysis of the darker portions of 
the disc of Mars, Mr. Huggins was led to the conclusion 
that these parts are neutral or nearly so in colour. 

He considers also that the ruddy colour of Mars is not due 
to the effects of the planet's atmosphere. Indeed, this seems 
almost obvious when we consider that the polar spots look 
perfectly white, or at least show not the slightest tinge of 
red, although, being situated upon the edge of the disc, they 
should exhibit the effects of the atmosphere's absorptive 
powers more strongly than the central parts of the disc, 
where the light has passed through a much smaller range 
of atmosphere. Clearly we may look upon the red colour of 
parts of Mars as due to the nature of the planet's soil. 

Abridged from Papers in the Popular Science Review for January 1867 

and Januarj 1869. 
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SATURIPS RINGS. 

There is no object in the heavens which is so well calcu- 
lated to excite our admiration as the planet Saturn, when 
observed with a good telescope. The nebulae exhibit to us 
systems which are in reality incomparably more magnificent* 
The double stars, rightly understood — and especially those 
binary systems whose periods extend over many hundreds of 
years — ^afford stronger evidence of the grand scale on which 
the universe is created* But the evidence which Saturn 
affords is more readily appreciated. The mind must be 
dull, indeed, which does not recognise at once, in the 
splendid architecture of the Satumian system, the fashioning 
power of the great laws which the Creator has set His 
universe* The beauty of the system, the perfect regularity 
of the gigantic rings, the delicate varieties of colour which 
the practised observer can detect both in the planet and its 
attendant ring-system, and the magnificent scale on which 
all these features of interest are exhibited, attract and 
impress the attention ; while the singular problems sug- 
gested by the stability of the rings, or still more by the 
slow processes of change to which they appear to be 
subjected, invite the exercise of the fullest powers of the 
observer and of the mathematician. 

I propose now to consider some of the discoveries which 
have been recently made respectiijg Saturn's ring-system, 
and to suggest some processes of observation which, if well 
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carried out, might afford valuable information on the 
subject of the rings. 

I shall assume a knowledge on the reader^s part of all 
those features of the Satumian system which are usually 
described in treatises on astronomy. Nor shall I enter at 
any length into the circimistances which have led astro- 
nomers to recognise, in the system of rings, the presence of 
a multitude of discrete particles or minute satellites, re- 
volving for the most part in one plane around the globe of 
the planet. I must make one or two preliminary remarks 
on this interesting hypothesis, however, lest some portions 
of what follows should not seem intelligible to those who 
may not happen to be familiar with the views now received. 
It had been shown, by Laplace, that the stability of the 
motion of such rings as were supposed to surround Saturn 
could only be maintained by a considerable over-weighting of 
one portion of each ring, and an equally remarkable eccen- 
tricity of position. Later astronomers, admitting this view 
as the basis of their inquiry, came to the conclusion that 
the disturbing action of the satellites might cause a ba- 
lancing motion in the ring-system, sufficient at least to 
neciure stability, — somewhat as the slight motions by which 
a rod is balanced in an upright position, although these 
motions are severally opposed to the rod's stability, yet, by 
their united effect give to the rod a comparative fixity of 
position which the most perfect quiescence of the support 
could not secure. These views maintained their ground 
until the discovery of the dark ring, and of the strange 
fact that the planet's body could be seen through this 
formation without apparent distortion. The discovery of 
this ring led to a renewed examination of the problem ; and 
finally Professor Maxwell of Cambridge proved, by a most 
convincing process of mathematical demonstration, that no 
solid ring could by any possibility continue to exist as an 
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attendant upon a planet. Either the ring would crumble 
into fragments under the influence of the forces to which it 
would be subjected, and these fragments would continue to 
revolve as a broken ring round the planet; or the ring 
would be more completely destroyed, and would be brought 
to the planet*s sur&ce* Hence we are forced to conclude 
that the rings, though continuous in appearance, consist of 
flights of minute bodies, each travelling on its own orbit 
around the planet. 

But although to the mathematician capable of following 
Professor Maxwell through all the processes of a complicated 
proof, the demonstration of the satellite theory of the rings 
may seem complete, there can be no doubt that the more 
convincing evidence of observation is wanted to bring the 
fact home to the mind of the general student. Now we 
cannot hope that the most powerful telescopes which man 
can construct will suffice to reveal the separate bodies which 
form the ring. When the ring's edge is turned towards us it 
appears as an almost evanescent line of light, and doubtless 
if its figure had not length as well as breadth, we could not 
detect any trace of its existence. Yet there is every reason 
to believe that the apparent breadth of that fine line of 
light is many times larger than the apparent diameter of 
any single satellite belonging to the rings. In this way, 
then, observation is not likely to help us. 

But there is a mode in which evidence might be 
gathered respecting the conformation of the rings, by any 
observer who had patience to conduct the requisite series of 
observations. 

If we consider the case of a series of flat rings (whose 
thickness may be neglected) ^ormed as the rings of Saturn 
were once supposed to be, we shall see that the apparent 
brilliancy of the rings ought to vary with the amount of 
opening. We do not refer to the total amount of light 
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received from the ring, but to the apparent brilliancy of 
any point upon the system. When a plain surfeuse is 
illuminated, the science of optics tells us that the illumina- 
tion is proportional to the cosine of the angle of incidence. 
In fact, we know from experience that the higher the sun is 
above our horizon the greater is the amount of light re- 
ceived on the earth's surfsice around us. Precisely so would 
it be with the rings if they had plane sm&ces. And 
further, it is a law of optics that the apparent brilliancy of 
any point of a luminous object is equal to the real 
brilliancy at that point, whatever may be the distance of 
the object, or the angle at which the line of light meets 
the surface (neglecting always — ^what does not here conc?m 
us — the influence of any absorptive medium which may be 
interposed between us and the object). 

Now, this being so, it is very evident that if the rings 
were flat the total amount of light received from them (the 
ball being supposed removed) would be increased, through 
two causes, as the rings opened. First, the increased 
apparent size of the luminous surface would have an obvious 
effect. Owing to this cause the illumination would vary as 
the sine of the angle at which the line of light from the 
earth is inclined to the plane of the rings. Secondly, the 
apparent brilliancy of each point of the ring-system would 
be increased as the sine of the angle at which the sun's 
rays are inclined to the plane of the rings. Thus the total 
amount of light would increase as the product of these two 
sines, or assuming what is conunonly the case, that the 
earth and sun are almost equally raised above the surface of 
the rings, the total amount of light received from the rings 
would vary as the square of either sine. 

But if the rings consist of a multitude of discrete satel- 
lites, there must result a different state of things. Take a 
single satellite, and we see at once that so long as the 
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whole of this satellite can be seen we get the same amount 
of light from it, whatever the elevation of the sun above 
ihe mean plane of the rings. And though the problem 
seems to get somewhat complicated when we consider the 
case of a multitude of satellites, yet it will be found, on 
examination, that there is no longer the same variation to 
be looked for as was shown to exist in the former case, 
owing to the sun's change of elevation. In fact, we have 
a case somewhat resembling that of the moon; the illu- 
mination of whose disc has been shown by Zollner not to 
diminish towards the edges according to the varying incli- 
nation of the solar rays to the moon's surface, but rather to 
increase ; while calculation has shown the probable reason 
to consist in the fact that the moon is not a smooth globe, 
but covered with hills and mountains, whose sides are 
inclined at greater or less elevations to the mean level of 
the lunar surface. 

This being so', two means of observation seem available. 
First, a definite part of the ring's width might be compared 
with the equatorial bright belt of the planet ; the brilliancy 
of that belt being we may assume constant. This method 
would probably involve difficulties ; but from the success 
with which Mr. Browning guaged the relative brilliancy of 
different parts of the disc of Jupiter last spring, I have no 
reason to doubt that, with suitably prepared and graduated 
darkening glasses, the comparison might be satisfactorily 
carried out: then the change of brilliancy of the par- 
ticular part of the ring examined, as the system gradually 
closed, would afford evidence of the nature of that portion 
of the ring, according to the principles enunciated above. 
Secondly, a process might be applied to Saturn, corre- 
sponding to that which Dr. Zollner recently applied to the 
planet Mars. By determining the total amount of light 
received from Saturn at successive oppositions, and de- 
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ducting therefrom that portion which calculation (founded 
on the light received from the planet when the ring 
(lisappears) shows to be due to the globe, it would be 
possible to determine according to what law the ring 
varies in brilliancy as its amount of opening changes, and 
thus to determine generally what may be the nature of the 
ring's surface. 

The result of the application of spectroscopic analysis to 
the rings has been at once interesting and perplexing. The 
spectrum of the planet's light exhibits certain absorption- 
lines indicative of the presence of vapour. Now Mr. 
Uuggins has discovered that the same lines are present in 
the spectrum of the ring's light also ; and that, of the two, 
the latter spectrum exhibits these dark lines somewhat the 
more distinctly. This result is remarkable. It indicates 
that the amount of vapour through which the light from 
the globe has passed before reaching us is less than the 
amount passed through by the light from the rings. We 
are accustomed to recognise the probability that the globe 
of Saturn is surrounded by an atmosphere proportional in 
extent to the enormous volume of the planet. On the 
other hand, the small bodies forming the rings, if they had 
atmospheres at all, would have vaporous envelopes so 
limited in extent, one would suppose — the volume of each 
of these satellites being so minute — that the most powerful 
spectroscope should fail to reveal any trace of its existence. 
Supposing them to resemble our own satellite, but on a 
much smaller scale, their atmospheres would be a million- 
fold too small to produce any distinctive dark lines in the 
spectrum of their light. For though the moon is so much 
the nearest of all the celestial bodies, her spectnun has no 
dark lines other than those belonging to it as formed by 
reflected solar light. When we remember that Saturn, 
when at his least distance from the earth, is upwards of 820 



Saturn's rings. 75 

millions of miles from us, or more than 3,000 times farther 
from US than the moon is, the visibility of distinctive dark 
lines in the spectiiim of the ring will appear one of the 
most interesting and remarkable results of spectroscopic 
research. It would be perplexing, in the extreme if we 
supposed the rings to be continuous bodies ; but accepting, 
as we are bound to do, the theory that they consist of 
flights of minute satellites, the result becomes one of the 
most surprising that can well be imagined. 

The explanation I would venture to offer of this strange 
phenomenon will, I fear, appear to many unduly speculative, 
if even it do not seem opposed to well-known physical 
laws. In an appendix to my treatise on Saturn, I have 
maintained the view that the moon has so thoroughly 
parted with its original internal heat that even the gases 
once subsisting on its surfiEice have been transformed into the 
Bolid form. I was aware when I so wrote, that at the time 
of full moon the hemisphere we see (or a part of that 
hemisphere) is subjected to a heat exceeding that of boiling 
water. An enormous amoimt of heat poured in this way 
upon the surface of a planet would be rendered latent in 
transmuting but a small portion of the solidified gases into 
the aerial form, and produce no effects observable to us on 
earth ; just as the full heat of a tropical summer's day 
poured for hours on the peaks of the Himalayas, produces 
no change which the inhabitant of the valleys can perceive, 
on the snowy masses lying there. If this view were just, 
we should learn to look upon all the satellites throughout 
the solar system as in a somewhat similar state to that of 
our own moon ; and at first sight the members of the 
Satumian rings would appear, on account of their extreme 
minuteness, to be of all others those in which the cold 
would be most intense. But then a circumstance comes to 
be considered which would have an effect the other way. 



76 ASTRONOMICAL ESSAYS. 

It is a part of the theory of the motions of satellite-rings, 
that there would be continual collisions among the mem- 
bers. I have shown in full, in Chapter V. of my treatise on 
Saturn, how these collisions would arise and how they 
would operate upon the figure of the ring-system. There 
would be a gradual increase of width, chiefly through the 
approach of the inner edge of the rings tov^ards the planet ; 
and there would also be a tendency to the formation of new 
rings within those already formed. But the true signifi- 
cance of these changes is this, that the whole system must 
be continually undergoing a loss of vis viva. Every col- 
lision involves such a loss, and the increase in the width 
of the system is in a sense a measure of the amount of loss. 
But this increase of width, though indicating, does not 
compensate for, the loss of vis viva. There is only one 
way in which the loss can be compensated, and that way 
is indicated in a passing manner, in a note at p. 126 of my 
treatise on Saturn. There must be a continual generation 
of heat corresponding exactly to the loss of vis viva. Now 
this heat must tend to render the condition of all the 
satellites of the system very different from that of one of 
the ordinary attendants upon a planet. For all must 
partake in the distribution of this heat; because it is 
absolutely impossible that any single satellite can have an 
orbit which, even for a few hours, can keep it free from 
collision with one or more of its fellows. Thus every 
satellite is kept warm, so to speak, by a process of continual 
friction, and no such process of refrigeration as I conceive 
to have taken place upon the moon, can come into opera- 
tion upon the satellites forming Satum^s rings. Nay, it 
may well be that the heat of these bodies is very much 
greater than the mean heat of oiur earth^s surface. For 
processes of collision fully equal to the generation of such 
beat might be in operation without appreciably affecting 
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the apparent width of the ring-system. And certainly the 
present appearance of the dark ring is such as to encourage 
the view that sufficiently rapid changes are in progress. - 

It would follow from these views, that the spectrum of the 
ring^s light would exhibit variations corresponding to the 
various parts of the ring's breadth. Of course, there are 
already well-marked gradations of light in the spectrum, 
because the light is different in different parts of the ring's 
breadth. But the dark lines I have already spoken of as 
distinctive of the ring's spectrum, ought to be more 
distinctly seen in certain parts of the ring on another 
account. For there can be little doubt that the central 
parts of each ring are those at which collisions take place 
most frequently between the satellites; and, therefore, if 
the cause I have been considering is really in operation, the 
dark lines ought to be seen best in those parts of the 
spectrum's width which correspond to the central portions of 
the rings. The observation might be worth making, though 
it would be one of great difficulty and delicacy. 

Some recent researches by Professor Kirkwood, of Illinois, 
have supplied an interesting and sound proof of the real 
structure of the rings. They are particularly interesting to 
myself, as affording an unexpected proof of a view I had 
put forward some time since which had seemed to some to 
be more imaginative than well-founded. In the preface to 
my treatise on Saturn, I had said that possibly we may yet 
detect in the Satumian rings the indications of those 
processes by which the solar system had reached its present 
state. Now Professor Kirkwood's researches tend directly 
to establish such a relation. 

He had shown that when the asteroids are arranged in 
the order of their mean distances, certain well-marked gaps 
are observable, and that these gaps correspond to those 
mean distances which would give periods commensurable 
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with the period of Jupiter. We know that when a planet- 
has a period very nearly commensurable (according to some 
8in||)le relation) with the period of a neighbouring planet, 
the two bodies disturb each other much more eflFectively 
than they would if there were no such relation. If one of 
the planets be much larger than the other, far the larger 
part of the disturbance falls upon the motions of the 
smaller planet. Saturn, for example, had long since been 
noticed as having his motions affected by a very remarkable 
inequality ; and the search for a cause resulted in the 
discovery that the peculiarity is due to the relation existing 
between the motions of Saturn and Jupiter, by which twi 
revolutions of the former planet are accomplished in about 
the same time as five of the latter. The disturbance falls 
principally on Saturn, as being so much the smaller of the 
two bodies. And as the asteroids are exceedingly minute 
when compared with Jupiter, it is evident that thoie 
members of the system which had periods commensurable 
with his would be very largely disturbed, and so come 
to have another period. Thus we can understand the fact 
that there should be no asteroids at those particular mean 
distances from the sun which correspond to the particular 
periods in question. 

But it is clear that if there were any possibility of 
doubting the fact that the asteroids form a zone of dis- 
connected bodies, tl)e circumstance established by Professor 
Kirkwood would prove that fact. If, then, we can trace in 
the Saiumian ring-system any signs of the action of similar 
processes, we shall have an independent and perfect proof 
that the rings are not continuous, but composed of discrete 
satellites. Now this is precisely what Professor Kirkwood 
has been able to do. He has shown that a small satellite 
revolving in the space between the outer and inner rings — 
.that is, travelling around the black division — would have a 
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period commensurable not merely with that of the neigh- 
bouring Satumian satellite, Enceladus, but with those of 
all the four inner satellites. It remains absolutely certain, 
therefore, that the ring is composed of bodies moving freely 
in definite orbits. And, further, those who agree with me 
in accepting the nebular hypothesis (or a modification of it) 
as truly representing the mode in which the solar system 
reached its present condition, will see, in the law established 
by Professor Kirkwood, the action of one of the processes 
which must have been most effective in the formation of 
our system. 

This paper would be incomplete if I did not refer to the 
information which Mr. Browning, F.R.A.S., has recently 
obtained respecting the variety of colours observable in the 
Satumian system. I had never been able to recognise any 
well-marked signs of colour on Saturn with a four-inch 
achromatic refractor.* But not only has Mr. Browning 
himself been able to detect a variety of tints with his large 
reflector, but I have seen a letter from an observer (using 
a similar but smaller instrument) who refers to the same 
tint«. These tints are thus compared by Mr. Browning 
with the well-known colours of the paint-box : — 

*The rings yellow-ochre, shaded with the same and sepia. 
The globe yellow-ochre and brown madder, orange anrl 
purple, shaded with sepia. The crape-ring, purple maddf'r 
and sepia. The great division in the rings, sepia. T\ut 
pole and the narrow belts, situated near to it on the gloUs 
pale cobalt blue. These tints are the nearest I could find 
to represent those seen on the planet, bnt there is a 
muddiness about all terrestrial colours, when comparisil 
with the colour of the objects seen in the skies. The^f 

* It Bnwt be mnembered that fiiull spotiirM «r« man tkwtmrmhU, m s mU, 
for the exhibition of cokmr than krge ones. lo the ciuw of fStUurn, (Mrrha|i«, 
the rale ehoiild rather be, ' large apertom and hi|^ {^/weiv/ 
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colours could not be seen in their brilliancy and purity, 
unless we could dip our pencil in a rairibawj and trans- 
fer the prismatic tints to our paper. ^ 

With reference to these interesting and graphic remarks, 
it must be pointed out that we might reasonably be dis- 
posed to refer phenomena so new and so remarkable to 
some peculiarity either of the telescope or of the ob- 
server's vision, were it not that the observed blueness of 
the polar regions at once negatives such a supposition. I 
cannot but think the evidence thus afforded of the adapta- 
bility of reflectors to delicate chromatic studies singularly 
striking and convincing. 

The shadow of the planet on the ring (see frontispiece) 
is an interesting subject of observation. Singular and as 
yet little understood peculiarities of form have been ex- 
hibited by this shadow. The contrast between the blackness 
of the shadow and the colour of the so-called black division 
between the rings, is also well worth noticing. If any 
doubt could remain respecting the constitution of the rings, 
no argimient could be more effectually used in fitvour of 
the satellit>e theory than that drawn from the fact that 
the division between the rings is not vacant, but occupied 
by some entity or other which supplies a faint but readily 
detected light. I cannot conceive what reasonable theory 
could be urged in explanation of this peculiarity, save that 
some minute bodies are travelling within the dark division. 

Popular Science Review for July 1S60. 
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SATURN'S SQUARE-SHOULDERED ASPECT. 

iNStjJtcBS have been given of optical illusions affecting 
otir estimate of the relative aize of figures placed in par- 
ticular positions with respect to each other. In the figure 
accompanying this article a somewhat similar illusion affect- 
ing ahape is illustrated; the lines AB and B C, which 
appear to have a decided curvature, being in reality 
straight lines. 

In figures constructed on a larger scale, and with con- 
centric circles closer together (in proportion), the deception 
is btill greater ; and it is remarkable that the illusion is 
increased by drawing equidistant lines radiating from the 
centre of the concentric circles. I notice, abo, that a want 
of symmetry in the drawing seems to destroy the illusion. 

The deception struck me as remarkably perfect in the 
case in which I first observed it. I had drawn the meri- 
dians and parallels for a polar star-map on the equidistant 
projection, to the scale of an 18-inch globe — the parallels 
to every degree, and the meridians, from the 20th parallel 
of N. P. D. to the bounding parallel (N. P. D. 37" 23') of 
the map, also to every degree. Thus the map formed a 
circle 11} inches in radius, with 37 concentric circles 
crossed by 360 radiating lines, drawn with as much uni- 
formity as possible. Now, before marking in stars, I wished, 
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as a matter of curiosity, to determine the exact figure, on 
the equidistant projection, of the spherical pentagon which 
in my ffnomonic maps appears as a true pentagon* I ac- 
cordingly drew in, in pencil, first the inscribed pentagon, 
and then (through points determined by their known R. A.'8 
and N. P. D/s) the five curved sides of the figure I required. 
Thus the sides of the true pentagon formed chords of the 
five sides of a curvilinear pentagon outside the true one. 
But now I could scarcely persuade myself that I had not by 
mistake drawn the convexities of the curves the wrong way; 
in other words, that the curvilinear pentagon I had drawn 
was not a true pentagon, and its sides the chords of a curvi- 
linear pentagon inside the true one. I had, in fiu^ to take 
a tracing of the curvilinear pentagon before I could form a 
satisfactory conception of its real shape. 

This illusion seems to have a direct bearing on the ques- 
tion of the square-shouldered figure sometimes assumed by 
Saturn. We see that a series of concentric, similar, and 
symmetrically disposed curved lines give to a straight line 
crossing them an appearance of curvature in a direction 
opposite to that of the curved lines. Hence a line drawn 
with a certain slight curvature in the same direction as the 
curvature of the concentric lines would appear straight, and 
a line with a greater curvature would appear to have its 
curvature diminished. Further, if such a line were con- 
tinued beyond the concentric lines, the alteration of curva- 
ture would disappear at a short distance £rom the concentric 
lines. Hence V '^ observation of the flattening of Saturn's 
equator, and his determination of a m^Tim nm diameter and 
curvature at latitude 43^ (not fiir firom the apparent intei^ 
section of the ring's outer boundary with the outline of the 
disc), seems to be satisfactorily explained. Yet it cannot 
be denied that there are grave objections to the optical 
explanation of the phenomenon. One would expect that 
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the illnsioii wonld be perceptible in pictures of Saturn ; 
that it would be always observable ; or, if it be supposed to 
depend on the extent to which the rings are open, that it 
would always be noticed when the rings are open to a parti- 
cular extent; that it would disappear when the rings are 
closed; that it would not affect micrometrical measurement 
— or, if it affected measurement in one case, that it would 
do so in all cases. A perusal of the evidence contained 
in the second edition of my * Other Worlds ' (pp. 161-165) 
will suffice to show that not one of these conditions is ful- 
filled. 

I venture with great diffidence to offer some considera- 
tions which seem to point to a different solution of the 
difficulty. 

If we assumed, either that the atmospheres bear any 
proportion to the masses of planets, or that any provision is 
made by increased depth of atmosphere for diminution of 
solar heat, we might fairly suppose that the height of 
Saturn's atmosphere is nine or ten times as great as that of 
our own atmosphere. Now the earth's atmosphere has been 
suf^posed to extend to a height of from 100 to 150 miles 
(Nicholas * Cyclopffidia of the Physical Sciences,' Art. * At^ 
mosphere'); but taking the more moderate estimate of 
fifty miles, the height of Saturn's atmosphere might be 
assumed to be from 450 to 500 miles.* Our positive evi- 
dence is not, perhaps, very strong. The circumstance that 
the constitution of an atmosphere so far removed admits of 
determination by spectrum-analysis seems to indicate that 
the height of the atmosphere must be considerable. Mi*. 
Orover's observation of a penumbra surrounding the planet's 
diadow on the ring (* Astronomical Bister' for August 
1865, p. 212), 'always noticed' even with the moderate 

* Schidter estimated the hoight of the atmosphere of Ceres st 66S miles (I) ; 
t result which can hardly be considered as established. 

a 2 
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telescopic power applied by this observer, also poitits to the 
existence of a strongly refractive atmosphere. HerscheFs 
observation of a remarkable retardation of the occultations 
of Mimas and Enceladus has not been confirmed; but, 
perhaps, this is hardly to be wondered at. There are not 
ten telescopes in the world capable of following these two 
satellites up to the moment of their disappearance, and 
since the date of Herschel's observation there have only 
been five intervals, each of a few weeks only, during which 
the observation has been possible. It is true that where 
the farther part of the ring appears to meet the disc at an 
acute angle, its outline should be distorted if the planet 
has a refractive atmosphere ; but it is easy to see that the 
distortion would scarcely be appreciable even with the most 
powerful instnmients, and JSIr. Grover's observation above 
recorded is sufficient to show that details observable with 
very moderate powers may for a long time escape observa- 
tion. It will be presently seen that I am not here losing 
sight of the evidence pointing to a reflective power possessed 
at times and in certain latitudes by Saturn's atmosphere. 

Now it has been observed by Professor Challis,^ that the 
atmospheres of planets must have certain definite limits, 
since ^ the density continually decreasing with the height, 
a point must at length be reached at which the upward 
repulsive force of an atmospheric stratum is just equal to 
the force of gravity ; in which case there can be no down- 
ward repulsive force, and therefore no further extension of 
the atmosphere.' And he considers that the efifect of an 
atmosphere on our estimate of a planet's diameter will de- 
pend on ^ the relation between the gradation of density of 
the atmospheric strata and the curvature of the globe.' 

* In an article on the ' Indications, by Phenomena, of Atmospheres to the 
Son, Moon, and Planets,' Notices of the Astronomical Socieiy, toI. zxiii., pp. 
230-235. 
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This relation may be such that a ray would < pass through 
the atmosphere in a course which grazes, or is a tangent 
to, the interior globe ; ' or else, that rays could not reach 
< the surface of the globe in a direction making with it an 
angle less than ' a certain limiting angle. In the first case 
the apparent diameter would ^ most probably not be sen- 
sibly increased ; ' in the second, < the increase would be the 
angle which the whole height of the atmosphere subtends 
at the earth.' Now it is clearly possible that the atmo- 
sphere of a planet might in general exhibit one of these 
relations, but for a season might present the other, either 
over the whole planet or in certain latitudes only. And 
we have distinct evidence that Saturn's atmosphere is of 
variable refractive power : for whereas in nearly all pictures 
of Saturn, and notably in Mr. De la Bue's admirable en- 
gravings, the disc is darker at the edges than at the centre, 
so that this may be supposed to be the general appearance 
of the planet, the contrary appearance was presented in one 
instance to Bond II., and in another to Chacomac. Now it 
is perfectly clear that, if for a season the atmosphere over 
certain latitudes assumed the second state described by 
Professor Challis, while the remaining part was in the 
former — which we may be perhaps justified in calling the 
normal state — an apparent irregularity of figure would 
result. The outline of the disc would correspond in the 
former latitude to the upper limits of the atmosphere, in 
the latter to the limit of the interior globe ; and we may 
suppose that in the intermediate latitudes the outline 
would pass from one limit to the other by indefinite gra- 
dations. There are reasons also for supposing that the 
* reflective state ' would be more commonly assumed in 
Saturn's temperate zones than near his equator or poles. 
For the causes to which our trade-winds are due are ex- 
aggerated in the case of Saturn. Now Sir J. Herschel thus 
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describes the circulation of our atmosphere : — ' In each hemi- 
sphere inferior currents of air run in on both sides towards 
the equator, and superior ones set outwards, all around the 
globe, from the equator towards the poles.' It is quite clear 
that neither near the poles nor near the equator, from or 
to¥rard8 which these opposite currents tend, is it likely 
that there will be that tendency to stratification of the 
atmosphere into layers of variable density which favours the 
^ reflective state.' On the other hand, this state may be 
expected to occur — not commonly, indeed, but occasionally 
— in the temperate zones, where these currents attain their 
greatest velocity and steadiness of motion. 

It need scarcely be remarked that an apparent difiference 
of level of 500 or 600 miles in latitude 40"^ or 45% would be 
fully sufficient to account for Saturn's ' square-shouldered ' 
figure ; but there are reasons for supposing that the height 
of Saturn's atmosphere in these latitudes exceeds the mean 
height. For it is foimd that barometric pressure attains its 
greatest value in the temperate zones; and although this 
phenomenon has never been fully accounted for, it appears 
highly probable that it is due to the rotation and figure of 
the earth ; and therefore it seems probable that, in a planet 
of the figure, dimensions, and rapid axial rotation of Saturn, 
the excess of atmospheric pressure in the temperate zones 
would be still more marked. 

It would be interesting to examine whether the square- 
shouldered figure seems to be connected with the occurrence 
of changes in the configuration of the Satumian belts, or 
whether it is only assumed when the belts have remained for 
a long time in the same, or nearly the same position. 

IfUdUctual Obderver fur August 1866. 
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THE PLANET SATURN. 

The planet Saturn now (1870) presents his most interesting 
aspect. As he sweeps around his widely-extended orbit, 
occupying nearly thirty years in circling once around the 
sun, that mysterious ring-system which distinguishes him 
from all the orbs of heaven twice attains its widest opening. 
Fifteen years ago the southern sur£Etce of the rings was so 
much tilted towards the earth that its fEurthest part could be 
seen above the globe of Saturn. Then gradually as Saturn 
swept onwards towards the equinoctial points of his orbit, 
the rings became more and more foreshortened, imtil in 1862 
their edge was turned towards us. After that the northern 
£eu^ became visible ; and during all the years which have 
elapsed since 1862 this £Eice has become more and more 
fully turned towards us, imtil now, as in 1856, the outline 
of the planet's globe lies wholly within the outline of the 
ring-system's outer boundary. 

It was while the southern surface of the ring-system was 
turned as fully towards us as now the northern surface is, 
that the dusky, slate-tinted inner ring was discovered inde- 
pendently by Bond in America and Dawes in England. At 
that time, too, the signs of divisions in the ring-system were 
clearly recognised by many observers. It may well be that 
the present wide opening of the ring-system will be studied 
with scarcely less interesting residts by those observers who 
possess adequate telescopic appliances ; though, on the other 
hand, it is £Eur from improbable that the low altitude which 
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the planet now attains above the horizon will deter obserrers 
in onr northern latittides from ftodjing Saturn to atten- 
tive! j M they otherwise would. Be this as it may, the 
present aspect of the planet is full of interest to the thought- 
ffiL Much has been learned respecting Saturn during the 
last twenty years, and there can be little doubt that, inde- 
pendently of fresh discoveries, we may find much to reward 
lis in the careful consideration of what has been so recently 
brought to our knowledge. 

And here I may be permitted to remark, in passing, that 
it sometimes seems to me as though the astronomers of our 
day were apt to let the full significance of observed facts 
escape their notice. In the continual search for fresh 
knowledge, that which has been already obtained is some- 
times neglected. Our observers are so industrious and 
skilful that new fJEicts are being accumulated with un- 
exampled rapidity. But it is getting a little out of fashion 
in the present day to dwell thoughtfully on past observa- 
tions, insomuch that I feel it almost necessary to apologise 
for inviting attention to observations which were made many 
vears since. 

Yet to anyone who thoroughly grasps what astronomy 
teaches us about the ringed planet, how impossible it seems 
to exhaust the subject by any amount of study. That 
wonderful orb, circled about by the mighty mechanism of 
the ring-system, and the centre of a scheme of dependent 
globes equalling in number the primary planets of the solar 
system, may worthily employ many hours and days, nay, 
many months and years, of thoughtful study. The more we 
consider the subject, indeed, the more amazing and in- 
explicable the economy of Saturn's system seems to become. 
I can, at least for my own part, assert that I have never 
directed my thoughts afresh to the relations he presents, 
without some hitherto mmoticcd peculiarity attracting my^ 
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attentioil. I propose now to touch on one or two points 
which have not yet, so far as I know, been dealt with by 
astronomers, and which seem to throw light on the physical 
constitution of this mighty orb and his fellow giants, 
Jupiter, Uranus, and Neptune. 

Regarding Saturn either with a powerful microscope, or 
as presented in the admirable drawings recently taken by 
De la Rue, Browning, and others, it seems natural to inquire 
what signs the planet's disc presents of those peculiarities 
which would characterise our own earth, could we see it 
from Venus or Mercury with suitable telescopic power. 
Setting on one side for tlie moment the division of the 
earth's surface into large tracts of land and water, there are 
two most important relations which could hardly fail to be 
distinctly recognisable — I refer to the progress first of the 
day^ and secondly of the year. To the astronomer, con- 
templating our earth from Venus or Mercury, it would y>e 
no difficult task to trace certain changes characterising the 
advance of day and the coming on of evening, in certain 
parts of the earth at least ; while in a yet more diHtincrt 
manner, supposing him to watch our earth, day after day, 
through the entire circle of the year, he would recogniwj the 
effects of the alternation from summer to winter in either 
hemisphere. If Saturn resemble our earth in having the 
sun as the chief ruler of his days and wfssu^mn^ we may hxik 
in his case, also, for some traces of similar relationn. 

Let us now carefully consider what we might exfiedt i^i 
find, and then inquire what the telesc^/pe actually rt'.vtnh 
to us. 

- As r^;ards the yrogrem of day upon the earth, a din* 
tinction must be drawn between the temp^^rat>#^ r#fgf/m« awl 
the torrid zone* Undoubtedly even in onr own UiiiUuUm 
we may recognise day after day in cummer, oft/rrj fr/r wif#!k« 
together, the formation of clouds during the m//niing b//tif «, 
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their gradual increase up to a certain hour, and their 
subsidence (accompanied by a change in their form and 
structure) towards evening. Supposing for a moment that 
this took place at all stations in our latitude, then our 
imagined astronomer in Venus or Mercury would recognise 
in that latitude-zone corresponding peculiarities. Close by 
the edge of the disc towards the west, he would be able to 
see the actual surface of the earth in those latitudes ; the 
sky being still clear during the early morning hours in 
progress there. Casting his eye along the zone towards the 
east, he would find the zone grow whiter and whiter up to a 
part somewhat to the east of the middle point. This 
whitest part would correspond to the region where clouds 
were most numerous. Farther east the zone would still be 
whitish, and that to the very edge, since the clouds raised 
in the daytime (during such weather as we have been con- 
sidering) do not disappear before simset, but sink down like 
a pall upon the earth. 

But, as I have said, it is not in temperate regioiis that 
the most marked diurnal changes are recognised. Let us 
consider the ordinary peculiarities of the equatorial day, or 
rather of the day in those regions of the earth where the 
sun passes almost to the zenith (the point vertically over- 
head) at noon-day. This is the region of greatest heat, and 
north and south of it lies the region of the trade-winds. 
Now let us hear what meteorologists have to say respecting 
the condition of the atmosphere, as regards the presence or 
absence of clouds during the day, in this region. ' In all 
places wliere the trade-wind blows constantly,' Kaemtz 
remarks, ' it does not rain ; the sky is always serene ; but it 
often rains in the region of calms. The ascending current 
(caused by the intense heat here) draws with it a mass of 
vapours, which condense as soon as they arrive at the line of 
junction between the upper and the lower trade-winds. 
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The 9un cdmoat always rises in a clear sky : towards midr' 
day isolated clouds appear j which pour out prodigious 
quawLities of rain. These showers are accompanied by 
violent gales. Towards evening the clouds dissipate^ and 
when the sun sets the sky is perfedly dear.^ Buchan, in 
his ezoellent ^ Handibook of Meteorology,' similarly describes 
the progress of the weather changes during a day in the 
calm r^ons. He adds that the daily rains of the belt of 
calms are to some extent analogous in their origin and 
causes to the formation of the cumulus cloud of temperate 
climates. 

Now let us particularly note the position of a place where 
one of these diurnal rain-storms is commencing. Up to mid- 
day the sky has been relatively clear ; the sun has passed 
nearly to the point overhead before the clouds gather, 
and he is actually overhead at noon when the whole sky is 
covered with black clouds. So that if anyone could take up 
a station where the illuminated hemisphere of the earth 
at that moment was fully turned towards him, the very 
centre of that disc would be the place where this state of 
things prevails. There, then, he would see the bright light 
indicating that the spot was cloud-covered — he would see Hhe 
silver lining ' of the black clouds which at the moment are 
pouring down their contents upon the portion of the earth 
concealed from him. But now let us suppose that he had 
watched this region of the earth from the early morning 
hours until it thus became concealed by clouds. It would 
come into view on the western side of the disc, and then 
travel across the disc (either in a straight line or along 
a curved path, according to the season) until it reached the 
centre. All this time it would grow less and less distinct, 
and when actually at the centre would be lost to sight under 
heavy clouds. But, still following its course towards the 
eastern side of the disc, our imaginary observer would see 
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the bright light from the clouds grow fainter and fainter 
until, some time before reaching the edge of the disc, the 
region of the earth he had watched at first would reappear, 
— for we have seen that the skies clear up towards evening. 

But what is true of one spot in this latitude is true 
of others. Every spot coming into view in the west would 
be clear of clouds, every npot crossing the middle of the disc 
would be hidden, and, finally, every spot passing ofif the disc 
on the east would be clear again. It is perfectly obvious, 
then, that the zone along which the spots lie would always 
present to our observer the same general aspect. This 
terrestrial zone of calms, which has been compared with the 
equatorial bright belt of Saturn, would appear to the 
observer dusky towards the west, where the earth^s duller 
hues are seen through it ; bright in the middle, where 
clouds reflecting white light* are gathered over it; and to- 
wards the east of the disc the brightness would gradually 
diminish, until close by the eastern edge the dusky light 
seen in the western half would reappear. These peculiarities 
of appearance would be rendered all the more marked by 
the circumstance that the central part of the disc is illu- 
minated more brightly by the sun than the parts near the 
edge. 

We turn now to Saturn and inquire whether his equa- 
torial bright zone presents these peculiarities. We might 
expect that a zone so bright and conspicuous as to be visible 
in a telescope of tolerable power — that is a telescope such 
as would be found in any well-appointed observatory — would 
exhibit some such characteristics as have been described. 
Assuming this belt to consist of sun-raised clouds, we might 
fairly look for signs of the progress of the Satumian day, 
for the characteristics, in fact, of the morning, noon, and 
evening sky of the Satumians. Nay, remembering how 
rapidly Saturn rotates, we might expect to find a more 
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marked difiference between the morning and the afternoon 
portions of his cloud-zone; since a part of the planet's 
surfiEice sweeps through a more considerable portion of its 
daily circuit in any given period, than a corresponding part 
of the earth's surface. 

We may well be surprised, then, to learn that the great 
equatorial bright belt of Saturn is absolutely uniform in 
light and texture except in parts so close by the edge of the 
disc that a difference of aspect is obviously referable to fore- 
shortening alone. Not the slightest trace has ever been 
discerned of any peculiarities indicating the aggregation of 
clouds over the equatorial zone of the planet as the Satumian 
day progresses I 

It would almost seem to follow from this fact alone 
that the Satumian cloud-belts are not raised by the sun's 
action. 

Let us inquire, however, whether seasonal changes are 
more marked than diurnal ones. Since the Satumian 
year lasts for about twenty-nine of our terrestrial years, it 
should follow that seasonal changes would proceed much 
more steadily and certainly. We have to consider what 
those changes would be in the case of our eartti, and then to 
inquire whether any corresponding variations are discernible 
in the aspect of Saturn. 

Again, I prefer to limit the consideration of annual pro-' 
cesses of change to the tropical regioils, where a regularity 
of variation prevails which is wanting in the temperatis 
sones. It is further convenicoit to consider thetm ra^ontk 
because we have already examined one marke^l pectiliariiy 
of the trojHcal day, and shall thus be preparer! Up deal witli 
a. closely related peculiarity of the tropical y^rar. 

We have seen that a heavy daily rainfall Uke» plac^; in 
that particular latitude oo our eaurth wbirre the sun is ^/r#rr- 
head at noon. Now the fo^iium of tbiii l^iiUMU: oWu/mly 
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changes during the course of the year. In spring the 
equator is the region of greatest midday heat. After 
spring the latitude of greatest heat approaches us, and at 
midsummer the sun is vertical at noon in all places lying 
23^ degrees north of the equator. After midsummer, the 
region of greatest midday heat withdraws from us, and at 
the autumnal equinox it again coincides with the equator. 
After autumn the latitude of greatest heat passes south of 
the equator, reaching its greatest southerly digression at 
midwinter. And finally after midwinter the region of 
greatest midday heat returns to the equator, which it 
reaches at the vernal equinox. 

But we must assure ourselves that the weather changes 
correspond to these relations ; for it might be that the ex- 
istence of a calm zone was a peculiarity not wholly depend- 
ing on the position of the midday sun. I might quote 
numerous authorities to show how the zone of calms in 
reality follows the sun, but will limit myself to two. Buchan, 
to whom I have already referred (as r^ards the progress of 
the diurnal changes in the calm zone), writes thus respect- 
ing the nature of that zone and the annual changes in its 
position : — 

< The region of calms is a belt of about 4* or 5^ in breadth, 
stretching across the Atlantic and the Pacific, generally 
parallel to the equator. It is marked by a lower atmo- 
spheric pressure than obtains to the north and to the south 
of it in the regions traversed by the trade-winds. It is also 
characterised by the daily occurrence of heavy rains and 
severe thunderstorms. The position of the calms varies 
with the sun, reaching its most northern limit (25^ north 
latitude) in July, and its most southern (25^ south latitude) 
in January.' 

The other passage I propose to quote is from Captain 
Maury's charming work, the * Physical Geography of the Sea.' 



THE PLANET SATURN, 95 

The passage is interesting as indicating the office which the 
calm zone seems to fulfil in the economy of the earth. 

^ After haying crossed the cloud-ring (says Maury) the 
attentive navigator may perceive how this belt of clouds, by 
screening those parallels over which he may have found it 
to hang, from the sun's rays, not only promotes the precipi- 
tation which takes place within these parallels at certain 
periods, but how also the rains are made to change the 
places on which they are to £Ekll ; and how by travelling with 
the calm belt of the equator up and down the earth this 
cloud-ring shifts the surface from which the heating rays of 
the sun are to be excluded ; and how by this operation tone 
is given to the atmospherical circulation of the world, and 
vigour to its vegetation. Having travelled with the calm 
belt to the north or south, the cloud-ring leaves a clear sky 
about the equator; the rays of the torrid sun then pour 
down upon the solid crust of the earth there, and raise its 
temperature to a scorching heat. The atmosphere dances, 
and the air is seen trembling in ascending and descending 
columns, with busy eagerness to conduct the heat ofif and 
deliver it to the regions aloft;, where it is required to give 
dynamical force to the air in its general channels of circula- 
tion. The dry season continues ; the sun is vertical ; and, 
finally, the earth becomes parched and dry ; the heat accu- 
mulates faster than the air can carry it away ; the plants 
begin to wither, and the animals to perish. Then comes 
the mitigating cloud-ring. The burning rays of the sun are 
intercepted by it ; the place for the absorption and reflection 
and the delivery to the atmosphere of the solar heat is 
changed ; it is transferred from the upper surface of the 
earth to the upper surface of the clouds.' 

This series of changes is not only most important to the 
inhabitants of the earth, but it is of such a character that 
any observer able to watch the eallh throughout the whole 
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course of a year, as we watch the planet Saturn, could not 
fail to become readily cognisant of it. The actual range 
over which the central line of the calm zone oscillates 
northwards and southwards is forty-seven degrees (Buchan's 
numbers referring to the extreme northerly and southerly 
limits of the zone). Now if a globe be placed at some con- 
siderable distance from the eye, and an arc of forty-seven 
degrees marked on the globe is so placed that its middle 
point seems to occupy the middle of the disc presented by 
the globe, then the apparent length of the arc will be as 
nearly as possible two-fifths of the globe's diameter ; so that 
the actual range of the calm zone viewed as we have ima- 
gined would correspond to no inconsiderable portion of the 
earth's apparent diameter. Only it is necessary to remember 
that if our observer always viewed the earth so as to see the 
whole of her illuminated hemisphere, then the calm zone 
would always cross the centre of the disc. Near either 
equinox, it would appear as a straight line across the centre. 
In July it would appear as somewhat more than half an 
ellipse, the two ends bowed upwards, and the middle point 
of the arc (which would correspond to an extremity of the 
shorter axis of the ellipse) coinciding with the centre of the 
disc. In January the calm zone would have the same figure 
as in July, only the two ends of the elliptic arc would be 
turned downwards. The curvature of the arc would be, for 
the reasons above alleged, most obvious ; in fact the lesser 
axis of the complete ellipse would be two-fifths of the 
greater. 

Applying these considerations to the case of Saturn, on 
the supposition that his equatorial bright belt corresponds 
to the calm zone of the earth, we may expect to find an even 
more marked change of appearance in this belt than we have 
inferred in the case of the earth's calm zone. For the inclina- 
tion of the earth's equator-plane to the path in which she 
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travels is but twenty-three and a half degrees ; the corre- 
sponding inclination in the case of Saturn is nearly twenty- 
seven degrees. It will obviously be so much the easier to 
infer whether the belt exhibits those peculiarities which 
correspond to the theory that it is due to solar influences. 

Now the bright belt on Saturn does change in its apparent 
shape (precisely as the Satumian rings do) in the course of 
a Satumian year. At the present time, for instance, the 
bright belt, seen in an ordinary astronomical (inverting) 
telescope, is bowed very obviously, with its convexity up- 
wards. But instead of the central line of the belt passing 
across the centre of Saturn's disc, it has precisely the position 
which Saturn's equator, if marked as a line upon the sur&ce 
of the planet, would seem to occupy. In other words, the 
central line forms a half ellipse, the middle of whose greater 
axis occupies the centre of Saturn's disc, instead of the 
extremity of the lesser axis being at that point. The bright 
belt is in fact, as its name implies, equatorial, nowy during 
th^ summer of Saturn's northern hemisphere ; whereas the 
calm zone of the earth at the corresponding season is not 
equatorial, but coincides with the Tropic of Cancer. 

Here again, then, we have very clear and positive evidence 
against the theory that this Satumian belt at any rate is due 
to solar action. 

It is also worthy of remark that the evidence is not 
affected whatever opinion we may form as to the general 
uniformity or diversity of the surface of Saturn. If the 
8ur£Etce of Saturn be diversified, then the constancy and 
uniformity of the equatorial belt become so much the more 
surprising ; if, on the other hand, the surface of Saturn is 
very uniform, then those seasonal changes which we have 
considered ought to proceed so much the more regulai'ly. 
On the earth they are interrupted, as we know, in certain 
places, owing to the configuration of oceans and continents ; 

H 
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and monsoon weather-changer rephice the gystematio pro- 
gression observed elsewhere. But the very uniformity of 
the bright belt on Saturn forbids us to regard such peculi- 
arities as available to aid us in interpreting the phenomena 
we have been considering. 

It is further noteworthy that an objection which might 
have been made to the argument foimded on the diurnal 
constancy of the Satumian equatorial belt, is not available 
against the argument just dealt with. Saturn is so much 
farther from the sun than the earth is, that a certain 
sluggishness might be supposed to characterise processes 
depending upon the sun's action ; and therefore it might be 
supposed that a cloud-belt, once formed by the sun, would 
be carried round by Saturn's rapid rotation without being 
dissipated or in any way modified, wheUier night or day 
prevailed on Saturn. But in the case of the seasonal 
changes we have been considering, no such argument can be 
admitted ; for whatever view we might form as to the pos- 
sible constancy of a cloud-belt during the ten hours of the 
Satumian day, it would clearly be imreasqnable to infer 
that the seven-yearly seasons (or quarters) of Saturn would 
be too short to produce their due effect on the position of 
the great cloud-zone. If the sun during his slow passage 
northwards and southwards from the celestial equator of 
Saturn cannot modify the position of the cloud-zone, it 
seems altogether incredible that his action can have been in 
any way concerned in the formation of that zone. 

Yet further, it is wholly impossible for any thoughtful 
student of the Satumian belts to suppose that the action to 
which they are due is of so inert and sluggish a nature as 
would be implied by the supposition just referred to. The 
clianges which take place in the figure and position of the 
dark belt's lying on either side of the equatorial bright l)elt, 
are sometimes singularly rapid, especially when account is 
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taken of the enonnbus extent' of suifaee 1>eldngiDg even to 
the least of these belts. 

For my own part, I confess I cannot but regard these 
facts as affording very strong evidence in favour of a theory 
to which I had been led by other considerations. If the sun 
is not the agent in producing those cloud-masses which 
constitute, we may assume, the bright belts of Saturn, we 
must look for the real origin of the belts in some action 
exerted by the planet's 0¥m mass. In other words, we seem 
led to the consideration that the mass of Saturn is sufficiently 
heated to cause currents of vapour to rise continually from 
his surface to be condensed into the form of cloud when they 
reach the upper regions of his atmosphere. Why such pro- 
cesses should take place in certain regions rather than in 
others, it would perhaps be difficult to determine. We 
know so little at present of the extent, constitution, and 
condition of the atmosphere of Saturn, that it is difficult to 
reason as to processes of change, excited by heat whose seat 
lies perhaps hundreds of miles beneath the surface visible to 
OS. It may be remarked, however, that a similar peculiarity 
exists in the case of the sun. Indeed, a somewhat surprising 
re^mblance exists between Saturn and the sun, as regards 
many important characteristics. The planet, like the sim, 
IB of low specific gravity — very far lower than the earth's ; 
as the sun has eight primary attendants, so Saturn has eight 
satellites ; and as the sim has his attendant disc of minute 
bodies (seen in the zodiacal light), so Saturn has his ring 
system, composed, in all probability, of multitudes of minute 
aatellites travelling in independent orbits around him.* Is 

* Xlie theory that Satarn^s rings are thus constituted has been bo oommonly 

nttriliiited to myself of late years that I feel bound to take every opportunity 

of discUming all credit whatsoever in the matter. I hold that it hns been put 

beyond qnsstioii that the Satumian rings are neither formed of a continuous 

solid wot of a continuous fluid substance, and also that they are not whollv 

vaporooi. But I have had no part in establishing this result, wliich is due 

H 2 
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it not possible that the relation necessaiy to make the 
analogy complete may be actually fulfilled, and that Saturn 
is a source "when heat is supplied to the orbs which circle 
aroimd him ? We have seen that reasons exist for regarding 
the Satumian belts as resulting from processes excited by 
the planet's internal heat ; and we are thus prepared to 
r^ard less suspiciously than we might otherwise have been 
disposed to do, any evidence tending to show that such 
processes are of a very remarkable character. The same 
forces which can generate belts covering a sur&ce many 
times exceeding the whole surface of our earth in extent, 
may also, it is conceivable, produce other effects clearly 
recognisable from our distant station. 

It is perhaps only after preliminary evidence of this sort 
has been adduced, that most astronomers would be ready to 
listen even for a moment to such arguments as I have ad- 
duced in my treatise on ' Other Worlds than Ours,' to show 
that the apparent outline of Saturn is liable to change. 
Notwithstanding the wonderfrd caution with which Sir 
William HerscheFs observations were carried on, his unwil- 
lingness to accept conclusions even after a long series of 
apparently convincing researches, and the clear-sightedness 
with which he reasoned out. the interpretation of his obser- 
vations, astronomers had agreed to reject {as reeiUtvngfroni 
iUuaion) the views which he formed respecting the ' square- 
shouldered aspect' of Saturn. Bessel's exquisite measure- 
ments of the planet's disc seemed to show convincingly that 

solely to the labours of Bond, Pierce, and Maxwell. I hart presented some 
of their reasoning in a popular form in my treatise on Saturn, but it is dia- 
tinctly presentcHl as their reasoning, not mine. One or two oonsideratioim 
helping to make the evidence more oonyincing perhaps to the general reader 
are due to me ; and in particular the argument founded on the dusky spaces 
seen by Bond on the great middle ring. But though this last aigament affords 
in itself a demonstration that we here see through this apparently continuoua 
ring, I can take no credit whatever for demonstrating what had already been 
established by the arguments of others. 
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it is not < square-shouldered/ but truly elliptical, insomucfa 
that, as Professor Grant remarks, ^ no doubt could henceforth 
exist that the figure of the planet is that of an oblate sphe- 
roid. • • • It is impossible,' he adds, ^ to contemplate BesseVs 
numbers (as compared ¥dth what theory required) without a 
feeling of admiration of the theory which is capable of re- 
sponding so faithfully to the requirements of nature, and of 
the exquisite skill displayed by the illustrious astronomer 
who executed measures so singularly delicate as those above 
given, ¥dth a success apparently so complete.' 

Yet, while fully admitting the justice of these remarks, I 
have long felt that Sir William Herschel's observations of 
Saturn's figure are not to be so summarily dismissed. To 
quote words which I wrote five years ago, the astronomer who 
^examined Saturn's ring for ten years before he would accept 
the theory of its being divided, and watched a satellite for 
two years before he would pronounce an opinion on its rota- 
tion,' was not the man to be misled by illusions, or to make 
confident statements without adequate reason. A ' suspicion ' 
of either Sir William Herschel's or Sir John's would coun- 
terbalance with me the most positive assertions of ordinary 
astronomers. But in this case it was no suspicion. Let us 
hear what Herschel himself says, and we shall be in a posi- 
tion to determine whether it is likely that this eminent 
observer was deceived by a mere illusion, and that too when 
he was in the very zenith of his career as an observer. ' In 
order to have the testimony of all my instruments on the 
subject of the structure of the planet Saturn,' he writes, re- 
ferring to the observations made in May 1805, ^I had pre- 
pared the 4(V-feet reflector for observing it in the meridian. 
I used a magnifying power of 360, and saw its form exactly 
as I had seen it in the 10- and 20-feet instruments. The 
planet is flattened at the poles, but the spheroid which would 
arise !^Dm this flattening is modified by some other cause, 
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which I suppose to be the flattening of the ring. It re- 
sembles a parallelogram, one side -whereof is [parallel to] 
the equatorial, the other [to] the polar diameter, with the 
four corners rounded off so as to leave both the equatorial 
and the polar regions flatter than they would be in a regular 
spheroidal figure.' He determined by actual measurement 
the position of the protuberant portions which formed the 
comers of this 'square-shouldered' figure, and placed 
them in latitude 43^^ north and south of the equator. He 
measured the amount of the protuberance, making the polar, 
equatorial, and maximum diameters as 32, 35*4, and 36. 
He renewed his observations in 1806 with the same result. 
But what is most remarkable of all, he observed in 1807 
that a change had taken place in the aspect of the planet, 
the two polar regions now presenting a different shape, the 
northern regions being most flattened, the southern ' curved 
or bulged outwards.' Admiral Smyth remarks that 'this 
singularity was verified by the younger Herschel on June 16 
of the year 1807 ; and is, I believe, his first recorded astro- 
nomical effort.' 

When to the above evidence is added all the evidence re- 
corded in my ' Other Worlds ' ; the fact that such observers 
as Bond and Airy, using such instruments as the Harvard 
refractor (perhaps the finest in the world) and the refractor 
of the Greenwich Observatory, have noticed similar appear- 
ances ; and that other practised observers less known to fame 
confirm their observations — we can no longer, surely, class 
the ' square-shouldered aspect ' of Saturn among the ' myths 
of an imcritical period.' * 

Now, assuming that Saturn is liable to occasional changes 

* Let me note farther that Sir William Herschel's meararement of the eom* 
pression of Saturn in 1789 'has been found/ Professor Qrant tells vs, *to 
accord exactly with that derired from the most recent micrometrieal peMOVM 
of the axes of the planet.* V 
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of figure — ^for undoubtedly his ordinary figure is that of an 
oblate spheroid — ^we have evidence of the existence of forces 
of the most amazing character beneath the seemingly quies- 
cent lones which we have been accustomed to regard as the 
true Burfiice of the ringed planet. We may be doubtful 
whether they be forces of upheaval, or whether an intense 
heat loads the atmosphere of Saturn from time to time (in 
the particular latitudes which seem to bulge outwards so 
strangely) with enormous quantities of vapour, to be con- 
densed at an exceptionally high level ; or whether the 
sudden dissipation of cloud-masses existing in other latitudes 
causes these peculiarities of appearance. But it is in any 
case most certain than an energy — a vitality so to speak — 
exists out yonder, which we have hitherto been far from 
associating witii this distant and dimly lighted world. No 
laederate processes of change would suffice to cause the 
fig^ure of a planet to vary appreciably when observed from a 
distance of some nine himdred millions of miles. As seen 
firom the satellites, the farthest of which is but a million 
and a quarter of miles from Saturn, the planet must appear 
the scene of a wondrous turmoil. It is probable, indeed, 
that the true substance of the planet, which may be, for 
aught we know, absolutely incandescent tlirough the in- 
tensity of its heat, is always veiled, even from these relatively 
near regions, by the masses of vapour continually thrown off 
to condense into cloud-strata at higher or lower levels. But 
the evidences of intense action can hardly fail to be per- 
fectly obvious, even though the actual source of such action 
is concealed from view. 

Let me remark, in conclusion, that the theory here put 
forward is not urged from any desire to exhibit novel or 
startling views, but as serving to explain, better than any 
other theory I can imagine, a series of observed facts which 
cannot judiciously be neglected or forgotten. I have pre- 
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ferred to give no consideration wbateVer to ^tlie qaestion. 
whether the larger planets have or have not as yet cooled 
down, by radiation, to a sort of normal tem]perature,' becauiie 
in the present state of our knowledge that qaestion is purely 
speculative. My theory is directed to explain observed 
facts: if it happens to throw some light on the question of 
the original formation of various members of the solar 
system, that is merely by the way ; the theory must stand or 
fall according as it can be shown to be in agreement or not 
with past and future observations. 

Fraser's Ma^fozine for September 1870. 
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NoTB. — ^The following papen are taken from 7^ IntdUdual Obserixr and 
Student for October 1867, November 1868, and October 1869. I believe that 
' bj thns presenting the records of sncceMive years in company with the antici- 
. pations formed each year, the interest of the subject is enhanced. Indeed, one 
of the most remarkable facts lately learned respecting the November meteors 
is thedrcnmstance, that for so many years in succession— 1866, 1867> 1868, 
1869, and 1870 — there have been important displays. In 1871 none but a few 
stragglers of the November system, were seen,; and it may now be assumed 
that no shower of November meteors need be looked for until the year 1899. 



TBE NOVEMBER SHOOTING STARS. 

I. 

It ifl probable that there will be this year [1 867] an exhibition 
of the November shooting stars, though it is uncertain 
whether the phenomenon will be so well seen in Europe as it 
was last year. As a display the shower is not likely to be so 
splendid as it was in 1866, since on November 14th of the 
present year the moon will be nearly full. However, there 
can be no doubt that the November meteors will be looked 
for again with great interest, since the discoveries which 
have been made respecting the orbit in which they move 
have presented them to us in a new aspect. 

When the shower of November last was under discussion, 
it was very noteworthy how indistinct were the views of 
many persons — I may even say of many astronomera — 
respecting the relations of the earth's globe, as it travelled 
onwards rotating in its orbit, to the meteor stream which it 
encountered. I do not here refer to the doubt and obsciuity 
under which the question of the path actually pursued by 
the meteors rested at that time. The investigation of this 
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question was one of extreme difficulty, one which taxed — 
and not lightly — the powers of the highest modes of mathe- 
matical analysis. But many appeared to find considerable 
difficulty, or failed altoget)ier, in forming an estimate of the 
circumstances under which the meteors became visible to 
us. The existence of a ^ radiant point ' from which all the 
shooting stars appeared to travel, in whatever part of the 
sky they made their appearance, was a phenomenon which 
— although in reality it inferred the solution of the problem 
of the meteors' origin — yet presented difficulties to many 
observers. The questions that were asked and the sugges- 
tions that were offered on this and kindred points, were 
many and amusing. One observer, noticing the comparative 
absence of meteors from the inmiediate neighbourhood of 
the ^ radiant point,' suggested in explanation of the pecu- 
liarity, that the earth was passing through a sort of tunnel 
traversi<ig a bed of meteors ; thus in the path along which 
the earth travelled there were no meteors or few — previous 
passages along the same track having cleared the way—' 
but many meteors grazed the earth's atmosphere, the bore 
of the tunnel only allowing the solid globe of the earth to 
pass freely. And, indeed, the supposition that shooting stars 
are only seen when grazing oiur atmosphere has been com- 
monly entertained and expressed even by astronomers of 
eminence* Sir John Herschel, for example, speaks of 
meteors as 'bodies extraneous to our planet, which only 
become visible when in the act of grazing our atmosphere/ 
The idea, however, is erroneous, as we shall presently see. 
Another remarkable question which was asked soon after 
the occurrence of the November shower, served still more 
clearly to exhibit the indistinctness of the views commonly 
held ; meteors having been seen at Cape Town at the same 
hour (actual time) as in England, it was asked how the same 
meteors could be seen in both places, unless they had 
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travelled *«8 VHteUitoi lousd the earth? A well-known 
chemist, who ha» lately published a work on meteors, speaks 
of the received opinion of the oosmical origin of meteors as, 
after all, merely conjectural, and he evidently leans towards 
the theory that they are satellites of the earth. Lastly, in 
Ouillemin's * Heavens,' a view is expressed (and illustrated 
by an elaborate figure), which is wholly inconsistent with 
observed appearances; — the notion, namely, that a single 
stream of bodies coold gyre rise to both the November and 
August showers. 

It is evident, therefore, that fhtAse is room for a careful 
examination of the actual state of things dfuring the occur- 
rence of the November shower* By considering the position 
of England on the rotating earth, during the time of the 
display, we shall be able to form clear views on this point. 

I must first, however, mention briefly the true meaning 
of the existence of a 'radiant point.' Once this pheno- 
menon is established, all doubt whatever respecting the 
cosmical origin of a shooting-star shower disappears. It is 
not true that the theory of a cosmical origin is now a con- 
jectural one ; it is established on a thoroughly firm basis. 
The phenomenon of a radiant point proves in fact this, that 
the paths in which the meteors intersect our atmosphere 
are all parallel i/n space throughout the time that the 
shower is visible. Now the display lasting several hours, 
during which the earth moves through a large angle round 
her axis of rotation, it is quite clear that the display cannot 
have a terrestrial origin, since if it had, the direction of the 
shooting stars might be expected to change correspondingly ^ 
and iffould certainly not change after so artificial a manner 
that for several places at once the effects of the earth's 
rotation would be exactly compensated. An equatorial 
telescope, for instance, is made by clockwork always to point 
to the same star ; but we know that no telescope poised 
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at random and moved at a random rate would do so. 
Just, therefore, as a person seeing the same star for a con- 
siderable time through the tube of a telescope, knows cer- 
tainly that he is looking through an equatorial rendered 
artificially independent of the earth's rotation — so, seeing 
shooting stars moving always from a fixed point among the 
stars, we know for certain that the direction of their motion 
is independent of the earth's rotation, and therefore — ^there 
being no possibility of an artificial arrangement correspond- 
ing to that of the equatorial — that the shooting stars come 
from external space. ' The notion of a lunar origin, and the 
satellite theory of meteors, are similarly overthrown, though 
indeed, at the present day, no competent person entertains 
either of these views, which are, for other reasons, wholly 
untenable. When the occurrence of a 'radiant point' is 
coupled with ' annual periodicity and independence of geo- 
graphical position, referring us at once to the place occupied 
by the earth in its annual orbit,' the most sceptical (or, in 
this case, we must say those least able to appreciate the 
mathematical demonstration of the meaning of a radiant 
point), must be led 'directly to the conclusion that the 
earth is liable to encounters or concurrences with meteor 
streams in their progress of circulation roimd the sun.' 

It must be mentioned that the earth's motions have their 
effects upon the apparent motion of bodies moving in space. 
The motion of rotation, however, may be neglected in com- 
parison with the motion of revolution and the proper motion 
of meteoric bodies. Travelling in space, under the sun's 
attraction, it is unlikely that, at the moment of encounter- 
ing the earth, they have a less velocity than that due to a 
body moving circularly round the sun at the earth's distance 
(a rate very slightly less than the earth's) and they may have 
a velocity nearly half as great again as this. Between these 
values their velocity may be assumed to lie. Further, their 
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velocity, relatively to the earth, must lie somewhere in value 
between the sum and difference of their actual velocity 
and the earth's, or between zero and about forty-five miles 
per hour ; the first value giving the extreme case of meteors 
travelling in the same direction, and at the same rate as 
the earth ; the second giving the case of meteors travelling 
in a parabolic orbit, and encoimtering the earth directly^ 
just when they are in 'perihelion. 

I have mentioned these limits and considered the nature 
of meteoric motion relatively to our earth, because it is on 
this relative motion that the position of the ' radiant point ' 
depends. If we suppose the earth reduced to rest, and her 
motion, rtveraed^ added to the. motion of the meteoric stream, 
we get the same relative motion and the same radiant point 
as imder the actual circumstances of the case. For clear- 
ness of explanation let us suppose this to happen, and that 
on the night of November 13-14 the earth's motion of revo- 
lution is non-existent (her motion of rotation continuing, 
however), and that the meteors are sweeping towards her 
from their radiant point (i.e. at a rate and in a direction 
resulting from the combination of their own actual motion, 
and the earth's motion applied in a reversed direction). 

These suppositions being made, we can have no difficulty 
in selecting a suitable point of space from which in ima- 
gination to view our earth. The * radiant point ' is clearly 
the proper point to select. If the reader, therefore,' will 
suppose himself somewhere in space, between e and fju 
Leonis, and armed with sufficient optical power, he will be 
prepared for the examination of the illustrative Figs. 4 and 
5. In these the earth is supposed to be viewed from such a 
direction ; in Fig. 4, at about a quarter-past twelve, and in 
Fig. 5, at about a quarter-past two, Greenwich solar time, 
on November 14th, in any year. The shaded half of each 
hemisphere is the portion turned from the sun, the apparent 
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boundary of ihis portion being a straight line, because tbe 
radiant point (as respects its tongituiU) is situated very 
nearly in the direction towards which the earth is moving 
at the time. But since the radiant (as respects latitude) 
was raised some 10° to the north of the ecliptic, the north 
pole of the earth is brought more into view than it would be 
to an observer placed at a point towards which the earth is 




M Iran from tha ' ndiuit' of the Norembar' 
m^Uvn, at 12b, Ifim. (nigbt). 

actually moving at the time. In fact, the presentation of 
the earth towards the radiant point liappens to be almost 
exactly the same (ae to inclination of the polar axis) as the 
presentation of the earth towards the sun at the time of 
Hiimmer solstice. Without entering further into these points, 
it will sullice to say that Figs. 4 and 5 are the results of 
mathematical calculation and careful construction — not 
imaginary tigures set down partly at random, as is too often 
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tlM case with iltuHtrations of this sort. I am particular to 
mention this, because when it is known that an astronomical 
picture represents actual facts, as closely as possible, the 
student will undertake the study of the picture with some 
hope of information and instruction, whereas the study of 
illostrations (so-called) not carefully constructed — and nine 




out of ten figures in our works on popular astronomy fall 
tmder this category — is oflen worse than unprofitable. 

Around London and Calcutta, in Fig. 4, and around Lon- 
don and Cape Town, in Fig. 5, oval and circular spaces are 
indicated. It is necessary to explain the meaning of these. 
Assuming the depth of our atmosphere to be about seventy 
miles — or, at any rate, that meteors are not commonly risible 
at greater heights — it is easily shown that the segment of 
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atmosphere cut off by a plane touching the earth at any 
point, has a circular base about 1,500 miles in diameter. 
Thus neglecting the eflfects of refraction which would slightly 
increase the dimensions of the segment, we have this result, 
that no meteor can be seen from any point of the earth's 
surface further than 750 miles from the point over which 
such meteor is vertical. We have very strong evidence, 
showing that 70 miles is about the height at which meteors 
appear, the evidence of meteors appearing at a greater height 
being very doubtfuL Hence, when a meteor is seen low 
down towards the horizon, it may be confidently assumed 
that the point over which this meteor is vertical lies within 
750 miles of the place of observation. Now the ovals and 
circle in Figs. 4 and 5 mark the limits of the space over 
some point of which a meteor must be vertical to be seen 
from the centre of the space. For instance, a meteor appear- 
ing at a point vertical over Madrid, or Turin, or Berlin, or 
Stockholm, might just be visible from London, appearing 
just above the horizon ; but a meteor vertical over Gribraltar, 
or Rome, or St. Petersburg, would not be visible in 
England. 

Now, if we consider Fig. 4, we shall see that about two 
hours before the time indicated by that figure (a quarter-past 
twelve at night), London is just becoming visible on the 
^dge of the earth's disc; but the edge of the oval space 
round London comes into view more than an hour earlier — 
that is, at about nine o'clock. This is the earliest hour at 
which a member of the November system can by any pos- 
sibility be seen in London. Meteors seen at this hour would 
be momentarily visible in the eastern horizon, moving 
upwards. When London comes to the border of the visible 
hemisphere, meteors may be looked for over the whole space 
Ixitween the eastern horizon (that is from south, through 
«ist to north) and the zenith, travelling (more or less) 
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upwards unless they appeared nearly towards the north or 
south, when their motion would be horizontal. When the 
whole of the London oval space is in view, meteors may l)e 
looked for over the whole heavens. A little consideration 
will show that at and after this time, conspicuous meteors 
will be seen more plentifully over the western half of the 
heavens. If the mere number of meteors indeed were alone 
4K>nsi4ered, the contrary would be the case. But the paths 
of meteors being. from a point east of London (it is clear 
that both in Fig. 4 and in Fig. 5 we are looking at London 
firom the east), they would have in general an apparently 
westward motion, and all those having long visible tracks 
would be towards the west. 

It is also evident from Figs. 4 and 5, that meteors increase 

in number (ccBteris paribus) as England, through the earth's 

rotation, approaches the centre of the disc visible from the 

radiant point, or — ^which amounts to the same thing — as 

the radiant point rises above the horizon. It is clear, for 

instance, that the oval space round England in Fig. 5 is 

greater than the oval in Fig. 4 ; and that at an hour laU^r 

than that indicated in Fig. 5, the oval is yet greater. The 

oval loimd England is greatest at about a quarter-past six, 

when the meridian of London is a diameter of the disc. 

The effects due to this cause of variation ought to Ije cf>n- 

sidered in estimating the actual changes in the richm-ss of 

the shooting-star stream as the earth traverses diffen;nt 

strata* For instance, the increase which actually (KciimsA 

after midnight, last November, was partly due to this cause, 

while the diminution which took place suliserjuently to 

Ih. 30m. or Ih. 45nL, was partly checked by this cause. 

Let us stay for a moment to compare with the effects jijst 
considered, those occurring in other latitud^ii. It is rrkar 
from Figs. 4 and 5, that countries in north'-m latitij#l#;s an? 
more favourably sitiiat^fd tlian i'#iiiritri'-«« in M9%%i\H^T%i lati- 

I 
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tudes, as respects their chance of seeing the November star- 
shower. Thus, if we consider the short part of the arc 
traversed by Cape Town, which lies within the darkened part 
of the disc, it is clear that the d priori probability that 
observers there will see the phenomenon is small. The 
hour at which Cape Town reaches the diametral meridian 
being about 6h. 15m. Cape time, it is clear that the moment 
at which Cape Town enters on the part of the disc visible 
from the radiant point, is about 2h. 15m. The oval round 
Cape Town b^ns to enter this part of the disc rather more 
than one hour earlier. Thus, unless the phenomenon occurs 
between about one o'clock and daybreak (it will be seen that 
Cape Town enters the enlightened half-disc, or, in other 
words, the sun rises there, soon after five), it will not be seen 
at all at Cape Town ; and that it should be well seen, it is 
necessary that the epoch of maximum richness should occur 
between Ih. 30m. and 3h. 30m. Cape time. It happened 
last November that the shower reached its maximum at 
2h. A.M. Cape time, and was therefore well seen there.* 

In tropical regions north of the equator, which enter on 
the hemisphere turned towards the radiant during the con- 
tinuance of the shower, the display is likely to be grander 
than elsewhere, since the circular space around any point in 
such regions would be seen as an oval of much less eccentri- 
city than that around places in high latitudes, during a part 



* For the same rpason that meteors are more oommonly seen in northern 
latitudes from July to December, they are more commonly seen in southern 
latitudes from January to June. An examination of Figs. 4 and 5 will illus- 
trate the cause of this peculiarity, yis. : — the presentation of the northern and 
southern poles respectively towards the direction of the earth's motion. It is 
worthy of notice that Mr. Madear records the observation of sereral meteors 
last November, before the hour at which Cape Town (or the space included 
within the oval in Fig. 6) entered on the hemisphere turned towards the 
radiant ; or, in other words, before the radiant rose above the horixon : but 
none of these belonged to the November hybtcm, as was evinced by the direction 
ot their motion. 
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at least of their passage Itcross the darkened part of the disc. 
At Calcutta, for instance, the boundary of visibility is appre- 
ciably circular (as shown in Fig. 4) a short time before sunrise. 
At this hour, last November, the shower had not reached its 
full splendour, and therefore the richer part of the display 
was not seen in Calcutta. In Nubia, Egypt, Asia Minor, and 
Greece, the shower Was more favourably seen. Mr. Schmidt, 
for instance, reported a very rich display at Athens, reaching 
its maximum at 2h. 15m. local time, or about 12h. 45m. 
Greenwich time ; very nearly the l)our illustrated in Fig. 4» 
The display in India (at Kishnagur, fifty miles from Calcutta) 
began before four o'clock, and continued till daylight. At 
4h. A.M., Calcutta mean time, which corresponds to 10 p.m. 
Greenwich time, London had not yet reached a position for 
a &vourable view of the display. 

It will be seen from Figs. 4 and 5, that during nearly the 
whole time that the display continued, last year, in England, 
eveiy visible shooting star was travelling towards the earth's 
surfieioe, not grazing the atmosphere. Thus no shooting star 
which fell within the oval line marked round England in Fig. 
4, or in Fig. 5, could have failed to reach the earth's surface, 
unless dissipated in the upper regions of air. And, indcHHl, 
independently of the consideration of the November shower 
and its radiant, it is quite clear that of meteors which pass 
into our atmos|^re, by fiu- the larger number travel in a line 
which produced meets the earth's solid surface. F<ir, in 
whatever direction a meteor stream is travelling, the csartli, 
seen from the radiant point of the stream, must prewfut an 
iqppeanmce corresponding to that illustrate<l in Figs. 4 and 5. 
The pole may be more or less Ijowed towards, or from, (In* 
direction in which the meteors are travelling (reUtiv«fly) 
towards the earth, and other countries than thow5 prtrnmiM 
in the figures may be turned towards the m«ft4«#ir-flight ; but 
a circular disc, apparently fringed with a c^miparativifly 

I 2 
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narrow border of atmosphere, must in every case t)e presented 
towards the meteor-stream. Only those meteors which im- 
pinge on this fringe, a circular ring seventy miles wide,* 
<can possibly free themselves by passing through (or grazing) 
the atmospheric envelope. Ail those meteors which are 
making for the apparent disc of the solid earth, a circle 
nearly 4,000 miles in radius, must inevitably reach the 
earth, either in a solid form or in the form of meteoric dust, 
after being dissipated in their passage through the upper 
atmospheric layers. Assuming that every meteor making 
for the fringe escapes, which is, however, utterly improbable, 
it may easily be calculated that for every meteor grazing 
our atmosphere (at a height not iexceeding seveiity miles), 
twenty-eight travel ^ directly towards the earth^s surfiu^ 
But the proportion must in reality be very much greater, 
since our supposition implies the possibility of a meteor 
travelling through the air in a direction actually tangent to 
the earth's surface, or passihg through about 1,450 miles 
of air, including the densest strata. Since meteors seldom 
penetrkte to a vertical depth of more than twenty or thirty 
miles, without dissolution, it is very uidikely that meteors 
travelling parallel to the horizon riiould penetrate to a ver- 
tical depth even of ten or fifteen miles — since, to do so, 
thiftir actual path through the air would be many times 
longer. Assuming that meteors could escape after pene- 
trating in this manner to a depth of twenty miles, we should 
have, for every neteor so escaping, almost exactly one hun- 
dred whose substance, whole or dissolved, would reach the 
earth. Even escaping meteors would never again appear as 
members of the November shower, since their orbit, after 
grazing contact of the kind supposed, would be very different 

* Of course, not in roiility such a rinfi:, but apparently so, viewed from the 
radiant point of the metoor-fligiit ; and intercepting the same proportion of ' 
meteors as if actually sa 
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(owitig dhi^fly t6 their loes of velocity) firom that which they 
originally pursued. 

The fact that such multitudes of meteors have, during 
so many and such brilliant displays of November showers 
as have beepf recorded; been stolen by the earth from the 
stream to which they belonged, serves to afford some con- 
ception of the immense number of meteors forming the 
November streams Yet clearer views will be formed on this 
point if we consider the evidence we have respecting the 
length, breadth, and thickness of that cluster, during the 
passage through whick the display is visible. I have not 
space to dwell here on Adams's investigation of the meteoric 
orbit. But it is necessary to point out that we must now 
greatly increase our estimate of the length of the cluster 
causing the November showers. The recurrence of displays 
during two or three consecutive years was simply accoimted 
for on the theory of a nearly circular orbit, without assum- 
ing for the cluster a length of more than a few millions of 
miles. Now that we know that the meteor-flight travels in 
an orbit of great eccentricity, and with a period of 33^ 
years, we know that the portion passed through by the earth 
in one year is several himdreds of millions of miles away 
when the earth next passes through the meteor orbit. Hence 
the recurrence of displays leads us to estimate the length of 
the cluster by hundreds of millions of miles, instead of by 
mere millioUs. 

Next, for the breadth of the stream. On this point we 
have no exact information. It is sometimes assumed that 
the taust that the display may be seen' in one hemisphere, 
while- ia another it is not seen (as last year, for instance, in 
America), points to a limit of breadth. But this is not the 
casie. If we consider Figs. 4 and 5 we shall see that Ame- 
rica was on the sheltered side of the earth during the whole 
time of the display. When America had come to the side 



lid ASTRONOMICAL ESSAYS. 

turned towards the radiant, the earth's globe had, in all 
probability, passed through the meteor-stream* So that the 
limits of the thickmessj and not of the breadth of the stream, 
were indicated by the non-visibility of the meteors in Ame- 
rica. Before the display had begun in England, the meteors 
were seen from Kishnagur, fifty miles north of Calcutta, and 
they continued visible until the time of sunrise there. 
This would assign a breadth of not leas than 4,000 miles to 
the stream* But as, throughout the continuance of the 
display, tbe earth was crossing the breadth of the stream at 
the rate of about 1,000 miles an hour, we can assert positively 
that the breadth of the stream exceeded 6,000 miles. In 
reality, however, a very much greater breadth may be 
assigned, with great probaUlity, to the meteor-stream. For 
if we consider the nature of the stream and the manner in 
which it has been probably generated in the track of Comet 
I., 1866, we shall see the great probability that its breadth 
exceeds its thickness* The causes tending to make meteors 
leave the mean plane of motion are much less efficient than 
those tending to distribute the meteors over that plane* 
Now the earth, during the time of the display, was crossing 
the thickness of the meteor-stream at the rate of about 
18,000 miles an hour. Therefore, since the display lasted at 
least six hours (counting from the time of its being observed 
in India, when England was, as yet, on the earth's sheltered 
side), we cannot assign to the stream a less thickness than 
100,000 miles. The breadth is probably at least ten times 
as great* 

It may be assumed as certain that it is the passage of the 
earth through the thickness of the meteor-stream which 
limits the duration of the display* 

I shall conclude by quoting two observations, showing 
that the fine powder in which meteors reach the earth may 
be detected. Dr. Reichenbach collected du6t from the top 
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of a high mouiitain, which had never been touched by spade 
or pickaxe ; and on analysis he found this dust to consist of 
almoiit identically the same elements as those of which 
meteoric-stones are composed — ^nickel, cobalt, iron, and 
phosphorus. Again, Dr. Phipson notes that, ^ when a glass, 
covered with pure glycerine, is exposed to a strong wind, 
late in November, it receives a certain number of black 
anfftdar partidee^ which 'can be dissolved in strong hydro- 
chloric acid, and produce yellow chloride of iron upon the 
glass-plate.' I quote these observations on account of the 
interest attaching to them ; not as evidence to show that the 
majority of shooting stars never pass out of the earth's 
atmospbdfe. Such evidence is not required — the fact being 
mathematically demonstrable. 

InUVectual Obserptr for October 1867. 



II- 

Although there was no display of the November meteoi^ 
last year [1867] in any part of Europe, yet the calculations 
of astronomers respecting the hour and character of the star- 
&11 accorded very closely with the results actually observed. 
In the West Indies €knd in North America the display was 
well seen, and from the hour at which the maximum 
occurred^ it is readily calculated that had the morning of 
November 14, 1867, been clear in England, we should have 
seen the commencement of the display, but not its more 
brilliant part. The maximum would not have been visible 
in our latitudes further east than the middle of the Atlantic. 
The mean of the hours which observers in America and the 
West Indies assigned to the occurrence of maximum display, 
differed less than two hours from the calculated epoch, a 
correspondence which must be looked upon as highly satis- 
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jEactoiy, when it is remembered that our new views respecting 
the nature of the meteor-sone are such as largely to enhance 
the di£5culty of predicting the hour at which the display 
will occur. 

Further, it is clear from the evidence which reached us 
from America that the part of the zone of meteors through 
which the earth passed last November was very little inferior 
in the density of meteoric aggregation to the portion passed 
through in November 1866. 

The most satisfactory news which reached us respecting 
the shower of 1867 was included in three letters, one from 
Commander W. Chimmo, who observed the shower o£f Mar- 
tinique, another from Captain Stuart, who observed the 
shower at Nassau, and the third from Professor Daniel Kirk- 
wood, who observed the shower at Bloomington, Indiana. 

Commander Chimmo, while sitting on the bridge of 
H.M.S. ' Gannet,' saw an immense number of bright sparks 
falling into the sea, apparently close to the ship. ^ I thought 
they came from the ship's funnel,' he writes, ' because they 
resembled the sparks caused by the biuming of wood.' But 
having seen a brilliant meteor bursting in the east, he 
called the attention of the first lieutenant and master to the 
phenomenon. These oflBcers were on the bridge at the time, 
and they saw that the meteoric shower was falling rapidly 
and perpendicularly, a brilliant meteor every now and then 
bursting and illuminating the whole heavens. The spot of 
cloud from which the meteors fell was only about one- 
sixteenth part of the whole heavens, a heavy nimbus cloud 
covering the rest of the sky. Conunander Chimmo was 
unable to make distinct observations because the ship was 
just entering a strange harbour, and he and his officers were 
obliged to withdraw their attention from the progress of the 
display. He states that at Trinidad the shower was much 
better seen, no less than 2,000 meteors having been observed^ 
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between two a.m« and daylight. The meteors were numerous 
in the N.E., as seen from Trinidad, and described arcs of 60 
degrees. Some were reddish, others green, and one of a 
bright fiery purple. 

Now, there are several points in Commander Chimtno's 
observation which are well worthy of comment. First, he 
saw the meteors fietlling perpendicularly. This is very di& 
ferent from what happened when we were watching the 
display in England on November 14, 1866. But when the 
aspect of the sidereal vault is calculated for Martinique at 
the hour of Commander Chimmo's observation (about half- 
past five in the morning), it appears that the radiant-point 
was very close to the zenith, so that all the meteors would 
seem to be fiilling perpendicularly towards the horizon* 
Again, from the splendour of the display seen by Commander 
Chinmio, it may be concluded that be watched the shower 
nearly at the epoch of maximum intensity. This is con- 
firmed also by what he states respecting the star-shower seen 
at Trinidad, for although 1,600 meteors were, seen there 
between two a.m. and daylight, only 693 were counted before 
half-past five a«m«, and veiy soon after six o'clock the 
approach of daylight must have put an end to the display ; 
80 that within less than an hour upwards of 900 meteors 
must have been seen. 

Captain Stuart, at Nassau, observed the display under 
more &vourable circumstances. For Nassau lies 16^ IV 
further west than Martinique, so that the hour of maximum 
display occurred one hour earlier as respects local time. 
From Captain Stuart's statistics we may judge that lie saw 
the star-shower from its true commencement to its true end. 
In other words, the commencement of the shower, as msMi l^y 
him, was not due to the circumstance that Nassau was 
coming round from the sheltered to the expf>sed iialf of i\ui 
earth's globe, but to the fact that the earth hail lieguii its 
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passage through the meteor-zone ; and, in like manner, the 
termination of the shower, as seen by Captain Stuart, was 
not caused by the coming on of daylight, but by the fact 
that the earth had passed through the meteor-zone. This is 
an important circumstance. In England, in 1866, we did 
not see the true commencement of the display, though the 
weather was clear throughout the night of November 13-14. 
When the earth really began to pass through the meteor- 
band on that night I have not been able satisfactorily to 
determine. The news we had &om Kishnagur showed that 
the display had begun at ten p.m. (Greenwich time) on the 
night of November 13, at which hour England was on the 
sheltered half of the earth. But the observer who sent us 
the account of the display, as seen from Kishnagur, did not 
see the commencement of the shower, having only begun 
^imerviog when the shower was already in progress. 

It follows from the mere fact that Captain Stuart saw both 
the true beginning and the true end of the display that the 
part of the zone traversed by the earth. in November 1867 
was considerably thinner than the part traversed in 1866. 
The table on the next page exhibits the most important of 
his results. It must be noticed that the observer, an intel- 
ligent nautical man, ^was not favourably placed for anr 
extensive view of the heavens,' and two other observers 
counted no less than 1,100 meteors between 2h. 30m. and 
4h. 45m., up to which hour Captain Stuart had counted 
only 800. 

There is a mistake somewhere in the published table, the 
first and third columns not corresponding exactly together* 
However the mistake, wherever it may be, is unimportant, 
only affecting a five-minute period, and I believe that the 
following modification of the table represents what the pub- 
lished table was intended to express : — 
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OasKBTATiozrs OF THE MsTBOBic Showbb OF NoTEMHEB 14, 1867, takoo at 
Kassau, N. P. Bnhamas (Int 26^ 6' N., long. 77'' 22' W.), by Captain 
Stuart, IVpntj Ixispector of Lighthooset. 
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It ¥rill be seen that the epoch of maximum display 
occurred somewhere between 4h. 15m. and 4h. 20m. a.m. 
Nassau time, say at 4h. 18m. This corresponds to about 
half-past nine Greenwich time, and it will be remembered 
that astronomers in England assigned half-past seven as the 
hour of maximum display. 

Captain Stuart's account is confirmed by the statements of 
Professor Kirkwood. Assisted by Professor Wylie and 
several students, he kept watch for meteors from 9h. 1 5m. 
P.M. to ^h. 15m. A.X., at the Indiana University, Blooming- 
ton. The night was very unfavourable for observation, the 
sky being obscured by so dense a haze that scarcely any 
fixed stars, except those of the first magnitude, were visible. 
It is remarkable that under such circumstances any shooting- 
stars should have been seen at all, and we may fairly conclude 
that, had the night been favourable, a display equalling, if 
not excelling, that which we saw on November lo-14, 1866, 
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would have been observed by the Professor and his fellow- 
watchers. The results actually observed were as follow :— 

November 13, from 9h. 15m. to 12h. Oin., 1 meteor. 

„ 14, „ Oh. Om. to 3h. 15m., 75 meteors. 

3h. 15m. to 4h. 15m., 351 meteors. 

4h. 15m. to 5b. 15m., 98 meteors. 

The time is Cincinnati time, differing from Greenwich time 
by about 5h. 38m. 'It will be noticed,^ says Professor 
Kirkwood, 'that 351, or two-thirds of the whole number 
seen in eight hours, were observed between 3h. 15m. and 
4h. 15m. The maximum occurred about 3h. 45m., when the 
rate was twelve per minute. All the meteors, with one or 
two exceptions, were conformable ' (that is, belonged to the 
November shooting-star system). ' Two or three were some- 
times seen simultaneously, and a tendency to appear in 
clusters was distinctly noticed. A very remarkable meteor 
was observed in Leo, a little above the Sickle, at about 
3h. 40m. It was stationary, and continued visible between 
two or three seconds. It was at first small, but increased 
rapidly in magnitude, imtil, just before extinction, it sur^ 

■ 

passed Begulus, the only star in the Sickle then visible 
through the haze. This meteor was undoubtedly near the 
radiant.' 

The epoch of maximum display assigned by Professor 
Kirkwood corresponds to 9h. 23m, Gi^nwich time, and, 
therefore, agrees very closely with the result we have 
already deduced from Captain Stuart's observations. This 
agreement is the more remarkable, because Nassau, is 
upwards of 1,200 miles from Bloomington, sp that the 
meteors seen in the two places belonged to different parts of 
the meteor-band. The agreement in the position of the 
region of densest meteoric aggregation, indicates a stratifica- 
tion of the meteor-system, and corresponds, therefore, with 
the views respecting its structure which I put forward in 
the preceding paper. 
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But now we have to consider some very remarkable con- 
clusions which flow from a comparison of the observations 
made upon the November meteors in the years 1866 and 1867. 
So long as it was supposed that the band of meteors held a 
position in space nearly identical (save as respects the incli- 
nation of the meteoric orbits) with that of the earth's orbit, 
it was easy to explain the occiurrence of showers in two, or 
even in three, successive years, without assuming a very 
remaricable extension of the meteoric cluster to which the 
more strildng displays were supposed to be due. This cluster 
was supposed to circle around the sun in a period either 
slightly exceeding or slightly fidling short of a year, so that 
after one nearly central passage, the next encoimter between 
the earth and the meteor-system would take place not very 
far on either side of the region of densest aggregation. We 
say not very far, and it will be seen presently that the 
expression is justified when the real dimensions of the 
meteor cluster come to be .compared with those we are con- 
sidering. But, in &ct, the distance between the points at 
which the earth was supposed to cross the meteor-system in 
successive years was very little less than the thirty-third 
part of the circumference of the earth's orbit, so that the 
space we have spoken of as small, really amounted to about 
fifteen millions of miles. 

But now let us consider the true figure of the meteor- 
orbit. We suppose that most of our readers are familiar 
with the evidence which has led astronomers to recognise 

• • ♦ • 

the fact that the meteors travel in a period of 33:^ years. 
We have not space even to summarise the process of inquiry 
pursued by Adams — ^for to Adams alone is due the discovery 
in question — ^but we may remark that the result he obtained 
is not a dubious one. Those who understand the nature of 
the problem he dealt with, and the exact manner in which 
mathematical analysis enables us to deal with such a pro- 
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blem, know that the agreement between the nodal shifting 
of the meteor-band with that due to an orbit having a 33^ 
years period, is sufficient to prove beyond a doubt that this 
period is the true period of the system. 

So soon as the period is known, it becomes at once possible 
io estimate from the assigned position of the radiant-point 
the true direction in which the meteors cross the earth's orbit, 
and thence the exact position of the orbit. In tiiis part of 
the work, a part which is within the powers of very inferior 
mathematicians. Professor Adams was anticipated, we believe, 
by Leverrier, his co-labourer of old, and by others. A 
slight difference exists between the results obtained by 
different mathematicians — a difference wholly due to the 
different radiant-points they adopted. Taking Adams's 
results, founded on the supposition that the radiant-point 
was situated in R.A. 149"" 12", and N. Dec 23"" 1% we have 
the following elements for the meteor-system : — 
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Schiaparelli's results differ very little from these, save as 
respects the two following elementa : — 

Inclination 17^44' 

Distance of perihelion from node , . , « 4® 67' 

It is important to notice that a very trifling difference in 
the assumptions made with respect to the poiitioti of the 
radiant-point, affects these two elements appreciably. 

Fig. 6 represents the orbit of the November meteors, 
according to the estimate of Professor Adams. EE' is thc^ 
earth's orbit, crossed by the meteor-system, at the pointi. 
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toarked s, which indicates the deecenditig node of the 
meteoric orbit upon the «cUptic. The perihelion ot the 




f,,,, 0. —The orbit of Ihi- November imU-orH, 
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meteor-system is at p, the aphelion at a. The orbits of 
Mars, Jupiter, Saturn, and Uranus are indicated by tHe 
letters MJI', j/, ds', and uu^ respectively. The arrows 
indicate the direction of the orbital motions. It must be 
observed that the portions of the orbits of Jupiter, Saturn, 
and Uranus are hiid down with their proper eccentricity. 
For instance, the centre of the arc uu' is at u***, not at S. 
The eccentricity of the orbit of Mars will be obvious at 
once. The line 8 Q is that in which the plane of the 
meteoric-zone intersects the plane of the ecliptic. It will 
be noticed that the ascending node lies close to the orbit 
of Uranus. This approach to coincidence came out exactly 
as represented, by the mere process of careful construction. 
As there is every reason to believe that the introduction 
of the meteors to their present position was due to their 
having approached Uranus very closely (the epoch assigned 
by astronomers to the appulse is a.d. 126), it follows, of 
course, that their orbit ought to indicate an agreement of 
this sort — for, having once assumed an orbit through the 
attraction of Uranus, they were compelled from that time 
forth always to pass, once in each revolution, through the 
point at which the encoimter took place. 

The part of the meteor-orbit on the right of the line £) fi , 
in the figure, is supposed to lie above the plane of the paper, 
the remaining part below that plane. The lines tipped with 
arrow-heads indicate the amount by which the orbit is 
depressed below or raised above the ecliptic-plane on the 
scale of our figure. In this indication only the part of each 
line between the two cross-lines is to be considered. It 
will be noticed that when these effects of the inclination of 
the meteoric orbit are attended to, the orbits of Jupiter and 
Saturn are found to pass at a considerable distance from thefe^ 
meteoric orbit; in fact, neither Jupiter nor Saturn cai^. 
ever approach the meteors at a loss distance than abou 
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eighty-five millions of miles, even at those points where, in 
the figure, the orfaits of these planets appear to intersect 
the meteoric orbit. Mars, in like manner, cannot approach 
the meteors by a less distance than twelve or thirteen 
millions of miles. 

The division-marks round the orbit of the meteors indi- 
cate the arcs over which they pass in successive years, start- 
ing from p. Thus, in one year a meteor will have reached 
the point 1, in two the point 2, and so on ; and it will pass 
the aphelion-point, a, after sixteen years and five-eighths 
have elapsed from the. epoch of perihelion-passage. It will 
be observed that the rate of motion in aphelion is very much 
less than the rate in perihelion ; in fact, in one year after 
perihelion passage a meteor traverses upwards of five hun- 
dred millions of miles, whereas, in one year near the aphe- 
lion-passage a meteor travels over about forty-five millions of 
miles only.* 

I believe that the figure which accompanies this article is 
the first in which the true relation of the meteoric orbit to 
the orbits of the planets (properly eccentric) has been 
exhibited with any approach to exactness. 

If Schiaparelli's elements be adopted, the line p a would 
have to be shifted aroimd S, through an angle of about two 
degrees, the end a moving towards the right. 

* In eonnoctioii with the points marked 1, 2, 3, 4, etc., I may yenture to 
relate a somewhat amusing anecdote. A very eminent astronomer was desirous 
of drawing a figure corresponding to that presented in uy illustratiye plate. 
But he was so accustomed to abstruse mathematical investigations that the 
simple process of construction which a far inferior mathematician would make 
use of — those, for example, which I used in constructing the figure of the orbit 
^— did not occur to him. Instead, therefore, of laying down the ellipse from its 
known axis msg'or and eccentricity, he adopted a very novel and somewhat 
laborious process, corresponding to the process of breaking a butterfly on the 
wheeL He actually ctUeulated every one of the points marked 1, 2, 3, etc., 
deducing the radius-vector and eccentric anomaly, in each case, by a compli- 
cated process of approximative calculation ; and then, when he had marked in 
all these points, he took his ellipse through them. It is as though a sum in 
addition were worked by the differential calculus. 

K 
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One of the most interesting facts revealed during recent 
years, is the circumstance that the orbit of the November 
meteors exhibits a very close accordance with that of a tele- 
scopic comet discovered by Tempel, early in 1866. The 
extent of the agreement will be perceived by comparing the 
following elements of the comet with those assigned above 
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These are the elements assigned by Dr. Oppolzer. It will 
be noticed that the inclination lies between the values 
assigned by Adams and Schiaparelli to this element. The 
distance of the perihelion from the node differs 2^ 11' from 
Adams's estimate, and 4'' 5' firom Schiaparelli's. A very 
slight difference in the assumed position of the radiant 
points of the November meteors would have brought these 
elements into perfect agreement. The period of 33*25 
years assigned to the November meteors accounts for a large 
proportion of the remaining discrepancies, which, however, 
are exceedingly minute as it is ; in fact, the figure of the 
orbit assigned to the comet would correspond so closely with 
that assigned to the November meteors in the plate, that it 
would not be possible to distinguish one from the other on 
the scale of that figure. The difference of position would 
correspond to a shifting of the line p a around S, the encL 
a moving towards the left, through an angle of 2** IT. The 
latter difference is one which could be wholly accounted for^ 
not only by assuming a very minute error in the determinatioTi 
of the radiant-point of the November shooting-stars, but 
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assuming very slight errors in the observations made upon 
comet I., 1866, during the time that it tcontinued visible in 
our skies. No reasonable doubt can exist that the meteors 
and the comet form a single system. And, by the way, it is 
worth noticing that, as the comet passed its perihelion early 
in January 1866, it had travelled the best part of the way 
towards the point 1 in November 1866 ; so that we passed 
through a point ( ^ ) removed some four hundred millions 
of miles from the nucleus of the comet. In 1865, on the 
contrary, the earth passed through a point much nearer to 
the head of the comet, but in advance of it. 

And now let us consider for a moment the actual volume 
of the space which is occupied by cosmical bodies, aggregate 
with greater or less density, and forming what we now know 
as the November meteor-system. In the first place, we 
must, I think, dismiss the notion that there are gaps or 
breaks in the system. A consideration of the well-authenti- 
cated observations which have been made upon the meteors 
suffices to show that, although there are variations in the 
density of meteoric aggregation, and also in the thickness 
of the ring of meteors in diflferent parts of its circumference, 
yet these variations take place in a continuous manner ; in 
other words, there are neither sudden increments nor sudden 
' decrements in the density of meteoric aggregation. 

We have, then, a ring of meteors, forming an ellipse of 
the figure presented in our illustrative plate. The major 
axis of this ellipse is about eighteen hundred and eighty-five 
millions of miles long ; its circimiference little less than 
foity-four hundred millions of miles long. The ring is 
probably flattish, but is certainly variable in thickness. 
What its width may be we cannot tell. Our supposi- 
tion that the ring is flat involves, of course, the conclusion 
that the width of the ring is greater than the thickness, and 
we think there can be very little doubt on this point. The 

X 2 
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disturbing forces to which the ring is subjected are such as 
must tend far more to an increase of width than to an 
increase of thickness. In the preceding paper I pointed out 
that the consideration of the phenomena presented during 
the display of November 13-14, 1866, sufficed to show that 
the portion of the meteor-system through which the earth 
then passed was certainly not less than 100,000 miles thick, 
and 6,000 miles broad. We may furly assume that the 
breadth of that part of the ring is some million or so of 
miles. Now, we have seen that the part of the ring traversed 
^n 1867, although quite as densely crowded with meteoric 
bodies, was not so thick as the part traversed in 1866. 
Applying the same method to the determination of tlie 
thickness that I used in the latter case, we obtain a thick- 
ness of about 60,000 miles. We may &irly assume a breadth 
ten times as great. Further, the part of the ring we passed 
through in 1866 had moved oflF upwards of 530,000,000 
miles in November, 1866. The whole of this long arc was 
occupied by a portion of the ring, which we may suppose to 
have thinned off gradually from a thickness of 100,000 
miles, at one extremity, to a thickness of 60,000 at the 
other. Assigning to it a mean thickness of 80,000 miles, 
and a mean width ten times as great, we obtain for the 
volume of the portion of space thus shown to be occupied 
by meteors, the following imposing dimensions : — 

80,000 X 800,000 x 530,000,000 cubic miles ; 

that is, no less than thirty-four millions nine hundred 
and twenty thousand millions of millions of cubic miles ! 

We have spoken of densely aggregated meteors in dealing 
with that portion of the system which supplies brilliant 
star-falls. But this term must be understood relatively, not 
positively. Even the appearance of ten or twelve meteors 
in a second, which would correspond to a very brilliant 
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shower, would not indicate a very close aggregation of 
the members of the meteoric system ; for, in a second, the 
* earth passes over eighteen miles, and the meteors traverse 
about twenty-five miles in the same period.* Hence, 
making due allowance for the inclination of the meteoric 
orbit, we find that an interval of one second corresponds to 
the passage of the earth through about forty miles of the 
meteor-system; and twelve minute bodies along a line of 
forty miles could hardly be said to be very closely aggre- 
gated. But this would correspond to the case of all the 
twelve meteors appearing in exactly the same part of the 
heavens. As, in fact, they appear in difierent parts, we 
must further take into consideration the circumstance, that 
meteors may be visible simultaneously at places removed 
some 1,500 miles from each other ; in fact, the considera- 
tion of Figs. 4 and 5 illustrating the preceding paper will 
show that our twelve meteors must be supposed to be 
contaiued within an elliptical tubular space, the length of 
the tube being forty miles, the major axis of the ellipse 1,500 
miles, and the minor axis varying according to the hour of 
display. As the weight of twelve November meteors would 
in general hardly exceed a few pounds, we can see that the 
mean density of the meteoric ring is indefinitely small even 
in the richest parts of the system. 

Space will not permit me to dwell, as I should wish to do, 
upon the startling considerations suggested by the examina- 
tion of the November meteor-system. Wonderful as is the 
scale #f the system itself, it is rather what the system sug- 
gests respecting the interplanetary spaces which most strik- 
ingly attracts our attention. Look at the orbit of the ring, 

't 

♦ The following simple fomrnla is conTenient for determining the relation 
bHween the velocities {v and e) of two bodies at the same distance r from the 
sun, and traTelling in orbits having mean distances a and a' respectiTely. 

^ I tf* I \ 2a a'— a* r : 2 a a'-^ r. 
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as pictured in our illustrative figure, and consider how 
minute the d pinori probability that the earth should en- 
counter such a ring of meteors, if there were but one. The 
chances may be reckoned at millions on millions to one 
a^minst encounter. And therefore the chances are millions 
on millions to one that there is more than one such ring, 
and the balance of probability is in favour of there being 
millions of such rings. We know that this ring presents 
no sign of its existence (save at the epoch of encounter), 
even in the most powerful telescope. We know, also, that 
the comet which is associated with it has escaped detection 
for hundreds of years, and might very well have escaped 
detection for many more himdreds. Therefore we may 
safely assert that, in the mere non-detection of any signs of 
the existence of other meteor-rings, there is absolutely no 
argument whatever against the theory (in itself a highly 
reasonable one) that there are millions of rings similar to the 
November meteor-system. But I must refrain from pushing 
further the speculations suggested by theories of this sort. 

Many of my readers will, doubtless, be anxious to know 
what prospect there is of a display of meteors being visible 
on the 14th of November 1868. I fear there is but little. 
Calculating from the display of 1866, we should assign half- 
past one or a quarter to two (in the afternoon) as about the 
hour at which the earth will pass through the richest stratum 
of the ring-system. Calculating from the display of 1867, 
we should assign half-past three or a quarter to four as the 
hour of passage. At either epoch England will be upon the 
sheltered hemisphere of the earth. 

In &ct, it is not likely that the display will be well seen 
by practised observers anywhere. In New Zealand it may 
be seen, though the position of New Zealand on the earth's 
southern hemisphere is imfavourable (for reason& suggested 
in the preceding paper). It is possible that a few tra- 
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Tellers who may happen to see the phenomenon from various 
parts of the Pacific in which (if the views above expressed 
be correct) the display will be visible, may think it worth 
their while to report their observations. On the whole, 
however, it is more probable that we shall hear nothing of 
the November shooting-stars of the year 1868. 

It is just possible that the form of the ring-system may 
not be so regular as w^ have been supposing. In this case 
the hour of display would not correspond to the above cal- 
culation, and we might even see the shower in England. 
The chance of its occurring on the morning of the 14th is 
about equal to that of its occurring on the morning of the 
15th of the present month, and observers should therefore 
watch for meteors on both nights. 

I%e Student for Noyember 1S68. 
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QUAOINO THE NOVEMBER METEOR-STREAM. 

Last year [1868] I discussed the figure of the November 
meteor-orbit, showing how we learn from the researches of 
Professor Adams that the meteoric-system extends far out in 
space beyond the orbit of Uranus. This year I wish to deal 
with another and equally interesting feature of the November 
meteor-system, namely, the varying depth of the stream of 
cosmical bodies of which it consists. We have been for- 
tunate enough to obtain accounts of the display during 
three years in succession, and these accounts are of such a 
nature that we can determine the hours at which the dis- 
play has commenced and terminated for the whole earthy as 
distinguished from the apparent commencement or termina- 
tion at particular places. And the information thus secured 
serves to add considerably, not only to the interest with 
which we regard the whole subject of the November meteors, 
but to that with which we look forward to the display of the 
present year [1869]. It is important that observers should 
be aware of the fact that this year's display, if it should be 
well observed, will serve to confirm or to disprove certain 
remarkable conclusions which have been drawn firom the 
observations made last year. 

Let us briefly consider what we have hitherto learned 
respecting the depth of the meteoric system at those par- 
ticular parts of its length at which the earth has traversedL 
it during the last few years ; and, then, by combining toge* 
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gether the information thus obtained, let us endeavour to 
form a conception of the shape of the meteor-stream. 

In November 1867 (see 'Intellectual Observer' for that 
month), I examined, at considerable length, the evidence 
we had obtained respecting the part of the system traversed 
by the earth in 1866. Since that paper was written I have 
obtained evidence on a point then referred to as doubtful. 
I have learned that in India the display began some hours 
before four a.h., local time. Therefore the thickness of 
about 100,000 miles, which I then assigned to the meteor- 
system at that part of its course, may be increased to some 
110,000 or 115,000 miles. 

In November 1868, I dealt with the earth's passage of 
the meteor-system in 1867. The evidence from America 
served to prove that a very fine display had been observed ; 
but that the display did not last so long as in 1866. And 
the conclusion to which we were led was that the thickness 
of the meteor-stream, where the earth then traversed it, was 
little more than 60,000 miles. 

Thus we seemed to have evidence of a thinning off of the 
meteop-system. And remembering that the comet, with 
which the system seems in some inexplicable way to be asso- 
ciated, had crossed the earth's orbit shortly before the dis- 
play of November 1866, we might imreasonably have been 
led to the conclusion that the thickness of the meteor-system 
diminished in proportion to increased distance from the 
cometic nucleus. This inference would have led us to expect 
in 1868 a display of a very unimportant character, and 
visible over a very limited area. The particular region over 
which the display was to be looked for was not a promising 
one. ' In fiekct,' I wrote at the time (and, in a letter sent 
soon after to ' The Times,' Mr. Hind, the superintendent of 
the ' Nautical Almanac,' expressed a very similar view), ' it 
is not likely that the display will be well seen by practised 
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observers anywhere. In New Zealand it may be seen, though 
the position of New Zealand on the earth's southern hemi- 
sphere is im&vourable. It is possible that a few travellers, 
who may happen to see the phenomenon from various parts 
of the Pacific in which the display may be visible, will think 
it worth their while to report their observations. On the 
whole, however, it is more probable that we shall hear 
nothing of the November shooting-stars of the year 1868.' 

Therefore, when news was received from various parts of 
England that the display had been well seen, the explanation 
to which astronomers somewhat hastily jumped was on this 
wise : — ^The November meteors, traversing their wide orbit 
aroimd the sim, are liable to be attracted from their normal 
paths by the influence of Jupiter, Saturn, and Uranus — ^all 
three being giant members of the planetary system — and as 
all the meteors travelling in a given part of the system must 
be subject to the same influence, it is clear that the meteor- 
stream will be liable to changes of figure, resembling the 
vibrations which pass round an elastic hoop that has been 
sharply struck. And though these vibrations, considered 
with leference to the whole orbit of the meteors, might 
appear as insignificant as the scarcely perceptible vibrations 
of our illustrative hoop, yet they must shift the meteor- 
stream through spaces of enormous real extent. So that if 
the earth reached in November a part of the system where 
the range of vibration from the true orbit was a maximum, 
the epoch of the display might be hastened or delayed by 
several hours. And thus the unexpected occurrence of a 
display in November 1868 might fedrly be accounted for. 

Although this reasoning is undoubtedly plausible — nay 
more, though it is undoubtedly true that the meteor-system 
must be subject to vibrations of the kind considered, yet it very 
soon appeared that the occurrence of a display in November 
1868 was due to a cause of quite a different character. 
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BememberiDg the evidence obtained in 1867, of a thin- 
ning off in the meteor-stream, it will be evident that, 
supposing the part passed through in 1868 to be cor- 
respondingly diminished in thickness, the display could not 
have lasted more than two or three hours ; and, therefore, 
being, as I have said, well seen in England, it would ne- 
cessarily have been invisible (occurring in the daytime) in 
America. 

But news was received that the display had been well seen 
in the United States. 

It was at once evident, therefore, that the process of 
thinning off had been followed by a contrary process, and 
that in fact the thickness of the stream where the eartli 
crossed it in 1868 was not only greater than at the part 
traversed in 1867, but even than at the part traversed during 
the great display of 1866. 

This result is so interesting, and serves so largely to en- 
hance the interest with which we look forward to the display 
of the present year [1869], that it may be well to consider 
somewhat closely the evidence on which it rests. 

So £Eur as the display in England is concerned, we have 
very satisfactory evidence. Let us take Professor Grant's 
description of the shower as observed at Glasgow. 

XJntil about half-past two on the morning of November 
14th, the sky was somewhat overcast, but it was evident 
even then that a shower was in progress, as a meteor would 
be seen every now and then to flash across an opening between 
the clouds. At half-past four it was clear in all directions, 
and it became easy for the observers to convince themselves 
that the meteors which appeared in every part of the heavens 
belonged to the November system. In every instance tlie 
course of the meteors was found to emanate from the 
radiant of the November system. The meteors were com- 
monly white, but in some instances a trace of red could be 
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recognised. It was noteworthy, however, that no trace was 
visible ^ of the beautiful green which formed so interesting 
a feature of many of the meteors of November 1866.' 
This peculiarity is well worth dwelling on for a moment. 
It would be an interesting circumstance if we could trace a 
systematic law of change in the character of the meteors, 
according to their distance from the cometic nucleus of 
the meteor-system. 

Many of the meteors were large, ' three or four exceeding 
Jupiter in brightness, but not equalling the planet Venus, 
which was shining with intense brillancy in the east, and 
formed an excellent standard of comparison for estimating 
the brightness of the larger meteors.' Size again — that is 
(1) the average size of the meteors, and (2) the size of the 
largest which make their appearance— is a feature which 
should be carefully attended to in observing the coming 
display. We want all the evidence we can get to guide us 
towards a solution of the difficult questions suggested by the 
meteors ; and we must not be deterred, by considerations of 
the apparent insignificance of this or that feature, &om re- 
cording every phenomenon which may by any possibility 
afford a useful hint. 

But our chief concern at present is with the thickness and 
density of the meteor-stream. 

Professor Grant and his assistant noticed that the shower 
sensibly increased, from 4h. .SOm. to 4h. 56m., and ^ as it 
appeared very desirable to endeavour to ascertain the time 
of its maximum,' he ^ proceeded, in conjunction with Mr. 
John McKinnel, the junior assistant, to count the number of 
meteors which might become subsequently visible.' It would 
appear from the resulting numbers that the shower attained 
its maximum at about a quarter past five. But there was 
no such sharp accession of richness as had been observed in 
1866 or 1867. The following table, which indicates the 
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number of meteors seen in saccessiTe intenrmls of five 
minutes, conmiencing at four minutes before seven, serves 
to prove this : — 
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We shall presently see that Professor Grant observed 
neither the real beginning nor the real end of the display. 

We turn next to the obsenrations made in the United 
States. Professor Kirkwoud records them, but was unfortu- 
nately unable to take part in them as on former occasions. 
On the morning of the 13th, Professor Wylie observed 165 
meteors, of which the greater number belonged to the 
November system. After sunrise^ Professor Kirkwood be- 
thought him of an observation made by Humboldt in 1799, 
and ^ standing in the shade, on the western side of a building, 
watched the vicinity of the radiant, hoping to see some of 
the largest of the meteors.' He saw five or six, and Mr. 
Maxwell, a tutor in the State University, who watched with 
him afterwards, ^ saw one^ beyond doubt, and three others 
less certainly.' This fiurt is interesting, as confirming 
Humboldt's assertion that the meteors can be seen in the 
daytime. 

On the night of the 13th the display was well seen. A 
conmiittee of the senior class in the University kept watch 
from 11 o'clock P.M. till 4h. 15m. a.m. (Cincinnati time), 
during which they counted no less than two thousand five 
hundred meteors. The maximum was at about half-past 
three, * nine hundred meteors haWng been counted during 
the forty-five minutes immediately preceding.' This is ^t 
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the rate of one hundred in five minutes, and enormously 
exceeds the numbers counted in corresponding intervals by 
Professor Grant and his assistants. Many of the meteors 
were very brilliant, and left long trains which continued 
visible for several minutes. Three or four were observed to 
explode, or at least to separate into several parts, — a pheno- 
menon which had not before, so far as I know, been observed, 
in connection with the November meteors. 

At five minutes to five the watch was renewed by Professor 
Wylie, who continued to observe the meteors until 6h. 11m., 
counting seven hundred and eighty in one hour and sixteen 
minutes. 

There are several remarkable points to be noticed in this 
narrative : — 

In the first place, the display began on the night of the 
12th, and was still in progress at daybreak on the 14th, or 
more than thirty hours later. In 1866 the display did not 
last more than five or six hours, and in 1867 its duration 
was even less. 

Again, the epoch of maximum display observed in the 
United States does not by any means correspond with the 
hour named by Professor Grant. The difference of time 
between Cincinnati and Greenwich is about 5h. 38m., so that 
the hour of Professor Grant's maximum (5h. 15m., on the 
morning of November 14th) corresponds to twenty-three 
minutes before midnight, November 13-14, at Cincinnati. 
Hence, nearly four hours after Professor Grant's maximum, 
the earth passed through another and a much denser part of 
the meteor-system. 

Again, a fact was noticed in America which serves to con- 
firm the evidence afforded by the circumstance just noticed, 
of a stratification of the meteoric system in that region 
which the earth traversed in 1868. At frequent intervals 
throughout the night, says Professor Kirkwood, ' a lull 
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occurred in the display; while at other times, for a few 
seconds, the meteors were so numerous that they could 
scarcely be counted.' 

But the meteors were to be seen at yet a third station, far 
removed both from England and from the United States ; 
and it will be well, before summing up the evidence which 
last year supplied respecting the constitution of the meteor* 
system, to examine the facts observed at this third station, 
the Cape Town Observatory. 

Mr. Maclear noticed the first meteor from the radiant in 
Leo, at Ih. 18m. Cape time. Such an observation, if made 
in England, would signify that the true commencement of 
the display had then taken place, and so would be discordant 
witli the evidence from America. But a referencjs to Figs. 
4 and 5, pp. 110 and 111, will at once show that the Cape 
only began at about that hour to be within the range of 
the hail of meteoric projectiles. To represent the matter 
in another light, the radiant in Leo rises several hours later 
at Cape Town than in our latitudes. 

The display was not very remarkable at first, nor indeed 
did it at any time attain such proportions as in the United 
States. Still at about a quarter to three, a shower of some 
importance seems to have been in progress, a dense haze 
concealing many of the smaller ones from view. The exact 
time which Mr. Maclear assigns as the epoch of maximum 
display is 2h. 42m. Cape time. This corresponds to about 
Ih. 31m. Greenwich time. Here then is another maximum, 
occurring before Professor Grant's — in fact before the sky 
had cleared at Glasgow. 

But it is qmte clear &om Mr. Maclear's account that the 
true maximum did not occur at the hour he names. There 
were, in fiEust, several maxima. Certainly in the minute be- 
tween 2h. 42m. and 2h. 43m. more meteors were seen than 
in any other single minute. But if we take the interval of 
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ten minutes beginning at 2b. 37m., we find tbat only tbirt^en 
meteors made tbeir appearance ; wbereas in tbe interval of 
ten minutes beginning at 3b. 37m. eigbteen meteors were 
seen. 

Tbe &ct is, Mr. Maclear's observations confirm tbose 
already recorded witb respect to tbe evidence tbey afford 
of a very decided stratification in tbe meteor-stream. At 
least tbat is tbe view wbicb seems forced on us wben we 
interpret wbat was observed in 1868, by means of wbat 
took place in tbe two former yeara. For in 1866 and 1867 
tbere was so close an accordance between tbe epocbs of 
maximum display observed in places very far apart, as to 
prove tbat tbe denser regions of tbe system were of con- 
siderable widtb — or, in otber words, tbat tbere were real 
strata of meteoric aggregation. In 1868 we bad no evidence 
of tbis sort, tbougb we bave none disproving tbe notion tbat 
tbe part of tbe system tben traversed was also stratified. It 
is still possible, bowever, tbat tbe eartb passed in 1868 
tbrougb a succession of clustering aggregations ratber tban 
tbrougb strata of aggregation. It is to be boped tbat tbe 
observations wbicb may be made tbis year will serve to 
clear up tbis difficulty. 

Let us now sum up tbe evidence we bave respecting tbe 
portion of tbe system traversed in 1868 ; and tben, com- 
paring tbat evidence witb wbat we know of tbe regions tra- 
versed in 1866 and 1867, let us endeavour to picture to 
ourselves tbe solid figure of tbe arc of tbe meteor-system 
extending from tbe place of Comet I, 1866, to tbe region 
traversed in 1868. We may add tbe observations made in 
1865, tbougb tbese applied to a part of tbe meteor-system 
wbicb is travelling in front of tbe comet. 

Tbe eartb occupied at least tbirty bours in traversing tbe 
meteor-stream. As tbe passage was oblique we must not 
take tbe eartb's orbital velocity of some sixty-five tbousand 
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miles per hour ; but we must reduce our. estimate to about 
eighteen thousand miles per hour, that being about the 
value of that portion of the Earth's velocity which is carry- 
ing her directly through the meteor-stream. This gives to 
the stream a depth of no less than five himdred and forty 
thousand miles. So that the part traversed by the Earth in 
1868 was more than five times as deep as the part traversed 
in 1866, and nearly ten times as deep as the part traversed 
in 1867. 

These results, combined with what is already known of 
the figure of the meteoric orbit, enable us to form some 
conception of the real figure of the meteor-system in space. 
It must of course be remembered that as the meteors circle 
round in their orbit, the condensation occupying successively 
diflFerent parts of the long oval pictured in Fig. 6, the con- 
figuration of the system must vary very strikingly. For 
example, when the condensed part of the system is near 
aphelion the wliole of the richer part of the system around 
the condensation must be compressed along a much shorter 
arc. We may measure this richer portion (in arc-length) by 
estimating the time which the last straggler belonging to it 
would take in reaching the position occupied by the leading 
member of the vanguard ; and this time we may assume to 
be very nearly constant. This being so, it will be ob/ious 
from a moment's study of the orbit, that when in aphelion 
the whole of the richer portion of the system may scarcely 
occupy one-tenth part of the space which the same portion 
comes to occupy when its condensation is travelling past 
perihelion. 

It is only, therefore, at a special time that the accompanying 
drawing* can be taken as illustrating the configuration of 

* Fig. 7 is not the drawing which originally illustrated the article. It 
haa been extended so as to exhibit the parts actually traversed (since the 
article was written) in 1869, 1870, and 1871. See next paper and note at 
its close. 
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be noticed that the cross section has been made to vary 
according to the guagings obtained above. But it will be 
understood that it is absolutely impossible to indicate in a 
satisfiMstory manner the true relations of the system ; becaui^e 
the cross section, if laid down according to the real dimen- 
sions of the system, would be almost evanescent unless the 
orbit were represented on a very large scale indeed. The 
figure, therefore, must be accepted as rather intended to in- 
dicate that the depth of the system varies according to such 
and such a law, than to present a true picture of the meteoric 
system. 

The comet (whose dimensions are enormously exaggerated) 
occupies the position indicated by the observations of 
1866. No stress is to be laid on the connection indicated 
between the comet and the meteor-system ; because we ar(; 
altogether ignorant what the real connection may be. At 
present, indeed, there are few circumstances more perplexing 
than the observed association between comets and meteor- 
systems. That in several instances a meteoric ring should 
occupy the exact position of a cometic orbit can hardly l>e 
supposed to be merely an accidental coincidence. Therefore, 
some sort of association is indicated ; but what the nature 
of the association may be, by which flights of solid bodies 
are connected with gaseous comets, is a riddle whose solu- 
tion no information we at present possess enables us even to 
guess at. 

One circumstance which has not hitherto, so far as I 
know, been considered (though it is so intimately associated 
with the inquiries of Schiaparelli, Hoek, and others, that I 
am prepared to find I have been anticipated in dealing with 
it) seems to bear importantly on the relation in question. 

It is well known that nearly all the comets which travel 

in periodic orbits around the Sun, have been brought into 

. their present subordination to the solar attraction by the 

L 2 
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influence of the giant planets which travel outside the orbit 
of the asteroids. Each of these planets probably has its 
own family of comets, though hitherto we have only been 
able to satisfy ourselves respecting the existence of such a 
family in the case of the planet Jupiter. We know that a 
large number of comets have their aphelia close to the orbit 
of Jupiter, and we recognise the meaning of this when we 
remember that a comet travelling &om outer space along a 
course which would bring it near to the giant mass of 
Jupiter, would be forced by his attraction (under ordinary 
circumstances) into an orbit having its aphelion not very 
far from the scene of the encoimter. 

Now it has been shown that Comet I, 1866, and the 
meteor-system associated with that comet, travel close past 
the orbit of the planet Uranus. The ascending node of the 
comef s orbit, in fact, is quite close to the orbit of Uranus, 
so that it is probable that the comet approaches that orbit 
more nearly even than the known members of Jupiter's 
comet-family approach the orbit of their ruling planet. 

We must look then on Uranus as the planet by whose 
attraction the comet was forced to take up its present orbit, 
and astronomers having traced back the history of the comet, 
and that of distant Uranus, have foimd that in the year 126 
A.D., Uranus and the comet were so close that for a brief 
time the comet was more imder the influence of the planet's 
attraction than under that of the Sun's. At this time it 
was, then, that the comet was forced to travel on its present 
orbit. And it was by the merest accident that this orbit. 
passed so near as it actually does to the Earth's orbit. Noiwb 
where were the meteors whpn that encoimter took place "" 
If they had been straggling far behind the comet like 
major part of the system at the present time, they woix 
not have been brought under the influence of Uranus as t 
comet was, and their paths would not afterwards have sho 
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any approach to identit j vith the comet's orlHt. The fieict, 
then, that there is that singnlar identity in the track of the 
comet and of the meteors, shows conclusively that every 
particle of matter constituting the meteors most originally 
have heen in the immediate neighbourhood of the comet. 

It is then since the introduction of the comet into our 
system that the meteoric ring has been formed. Up to its 
encounter with Uranus, the comet and the meteoric matter 
had been collected within a space of very small dimensions 
indeed, compared with the present dimensions even of what 
we term the condensed part of the meteor-system. About 
this we may feel absolutely certain. When we inquire, 
however, how the dispersion came about, we find ourselves 
surrounded with difficulties. Passing over the physical dis- 
tinctions which seem to dissociate the meteors from their 
cometic companion, it is by no means easy to explain, in 
accordance with the laws of motion, the enormous extension 
at present attained by the meteoric system. If we suppose 
such a diversity of distance between Uranus and the various 
parts of the meteor-system at the epoch of encounter as 
would result in differences of velocity sufficing to account 
for the present dispersion of the system, it becomes difficult, 
as already shown, to explain how it was that the whole of 
the system was forced into the same (general) orbit. If, on 
the other hand, we assume a very close condensation of the 
meteoric particles, it becomes by no means easy to under- 
stand the dispersion of the system along an orbit whose 
circumference is upwards of 4,000 millions of miles in length, 
in the comparatively short interval (1,743 years) which has 
elapsed since the system was first forced to follow its present 
course. 

We seem almost driven to the conclusion that some other 
force than gravitation has been at work in causing the 
dispersal of the meteoric particles. 

The Student for October 1869. 
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METEORS AXD SHOOTIJGSTARS. * 

AMoyosrr the many dnrpri^ing discoTeries which have of I&te 
years rewarded the labonn of astronomers, none perhaps are 
more remarkable than those which relate to the phenomena 
— once thonght so insignificant — presented by 'falling 
«}tars.' Ten years ago, though the thonghtfol astronomer 
had become convinced that thet^ objects really belong to 
the domain of astronomy, donbt still rested on that theory 
r>f their nature. Men conld scarcely belieye that the vast 
depths amidst which the planets pursue their career around 
the Sun are the home of countless bodies which rush with 
even more than planetary velocity upon wide orbits round 
the solar orb. It seemed incredible that each of those 
faintly gleaming lights, passing with silent swoop across a 
fttar-group— leaving no trace of their existence and seem- 
ingly as little important in the economy of nature as a rain- 
drop or a snow-flake — indicates the close of a career during 
which the mighty orbits of Jupiter and Saturn have been, 
encircled, nay, often the utmost limits of the known plan 
tary scheme overpassed by uncounted millions of miles. 

Even now, when the nature of these objects has bee 
revealed to us, and some insight afforded us into the par^ 
which they perform in the economy of nature, it seems diffi.- 
eult to realise the full significance of ascertained facts. Tt^ 
very aspect of the planetary scheme seems changed as ^^«« 
contemplate the results of recent labours in meteoric astx^^. 
nomy. Kepler and Copernicus, could they revisit 
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world, and, mixing as of old among astronomers, inform 
themselves respecting the theories now upheld, would 
scarcely recognise the scheme of the universe so unfolded to 
their view. Truly the harmony of the planetary system 
recognised by Kepler seems strangely marred, *as sweet 
bells jangled out of tune and harsh,' by these eccentric 
meteor orbits. These crowds of independent orbs rushing 
disorderly aroimd the Sun, in no sort resemble the * obedient 
family ' which Copernicus recognised in the solar system. 

Miany times during the last few years the history of thoso 
discoveries and researches by which meteoric astronomy has 
reached its present position has been recounted. It is not 
my purpose to describe these matters anew. But it has 
seemed to me that the approach of the Earth towards that 
great stream of meteors to which the November shower is 
due, will render a brief discussion of some of the most 
striking facts lately discovered not unacceptable even to 
many who look on astronomy from afar off, and regard 
astronomers somewhat as Indians regard their medicine- 
men. ' 

We may take the November shooting-stars as typical of a 
class of meteor-systems, which must undoubtedly be very 
numerous. It is true that as the Earth sweeps on her wide 
orbit roimd the Sun she encounters few such streams as that 
to which the November meteors belong. As she reach(*« 
certain critical parts of that orbit she is exposed, inde<^fl, 
year after year, to a species of cannonade of greater or less 
intensity ; and occasionally the weight of metal with which 
she is thus assaulted is far heavier than any which she hai^ 
to encounter during the second week in Novembcjr. But 
for a systematic and continuous downpour of missih^^ th(* 
November stream is unsurpassed by any, except perhaps the 
August meteor-system. If we could count the total numlnT 
of meteors which have been rained upon the Earth during 
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the past five or six centuries, and assign each individual 
meteor to its proper ^stem, I have very little doubt that 
the November stream would be found to have supplied a 
full tenth part, though the total number of systems which 
our Earth encounters is known to exceed one hundred. 

This being the case, it may be worth inquiring whether 
the November system is in reality richer than the others 
— whether there is anything in what we know about this 
stream to lead us to suppose that it is more important than 
the rest. 

It seems to me abundantly clear that the contrary is the 
case. We have only two means of judging of the richness 
and importance of a meteor-system. One is the observation 
of its apparent richness, and the individual magnitude of 
the meteors belonging to it. But the apparent richness 
alone can be but a deceptive indication of the real richness 
of a stream of meteors. If we were sure that the Earth 
plunged through the heart of each meteor-stream, we could 
indeed learn something in this way, precisely as we might 
compare the relative thicknesses of different cords by the 
resistance experienced in piercing them through the middle 
with a needle. But we have no assurance whatever that 
the Earth passes through the heart of a single meteor- 
system. It may be that if she did the results would not be 
altogether pleasing or satisfactory to her inhabitants, and 
certainly the chances are enormously against her doing so. 
The minuteness of the space actually passed through by the 
Earth on her course round the Sim — at least the minuteness 
of this space by comparison with the dimensions of the solar 
system — is not commonly appreciated. If we represent the 
Sun as a globe about as large as a billiard-ball, the space 
along which the Earth pursues her course would be repre- 
sented by a thread or twine forming a circle nearly eight 
yards in diameter. Now, conceiving such a circle, and 
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Iregarding the meteor-systems as oval hoops round the 
central ball, which happen to cross this fine circular thread, 
it is scarcely conceivable that in one case out of a thousand 
the thread would pass centrally through the substance of one 
of the hoops. 

We can therefore infer little or nothing from the appa- 
rent richness of meteor-streams as to their real importance, 
because we do not know whether our Earth passes through 
the core of any particular stream or merely grazes its 
surface. 

We may learn something from the average dimensions of 
the meteors belonging to a system, though our inferences 
may not be altogether reliable. So far as this point is con- 
cerned, the November meteors would seem relatively in- 
ferior to many others. They are too small to penetrate 
through the atmosphere, so as to reach the surface of the 
Earth, not one instance being on record of a Noveml)er 
meteor affording any tangible evidence of its existence ; and 
from the researches of Professor Alexander Herschel, it 
would seem that on the average the November met^eors 
weigh but a few grains each. When we compare this with 
the fact that bodies belonging to other systems have been 
found to weigh many pounds, some even being several tons 
in weight, the relative insignificance of the November 
system in this respect will be clearly recognised. 

But there is a second method by which in comparatively 
recent times it has become possible to guess at the im- 
portance of different meteor-systems. 

The surprising discovery that many meteor-systems are 
associated with comets has not hitherto been fully inter- 
preted. We know quite certainly that along the orbits of 
certain comets there travel myriads of tiny bodies — meteors 
— which we assume to be solid. But what connection there 
may be between the gaseous comet and its solid attendants, 
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whether the comet gave birth to the meteors, or whether 
the meteors in some way or other combined along one part 
of the system to form the comet, has not hitherto been 
explained. It may be regarded indeed as one of the most 
mysterious facts ever discovered by astronomers that any 
association whatever should exist between bodies seemingly 
80 different in their nature as comets and meteors. But 
there the relation is, let us make of it what we will. No 
doubt rests on the reality of the discovery; no one who 
understands the nature of the evidence can believe for a 
moment that the relationship is merely apparent, and the 
coincidence of orbits merely accidental. So that, in fact, it 
]ias come to be gravely questioned whether any meteor- 
system exists without a oometic nucleus, and whether any 
comet exists without a meteoric train. 

Be this, however, as it may, we are at least justified in 
comparing together such meteor-systems as are known 
to be associated with comets, and inferring the probable 
importance of such meteor-systems from the observed 
brilliancy of their comet-chief. 

Now, judging in this way, we should be led to conclude 
that the November stream, notwithstanding the wonderful 
magnificence of the star-showers observed when the Eartli 
passes through the system, is in reality one of the least im- 
portant of the meteor-systems. The comet with which it 
has been (beyond all question) associated, is so faint and 
small that it has never yet been discerned by the unaided 
eye. In a powerful telescope it appears but as a faint nebu- 
lous light, nor is it even adorned with the ordinary append- 
age of respectable comets — a tail. Taken apart from the 
significance of what we know respecting it, this comet is 
certainly one of the least striking objects which the tele- 
scope has ever revealed to astronomers. 

On the other hand, the Aiigust meteors are associated 
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with a comet of distinction — ^with a comet which has been 
watched by many millions of human beings as the harbinger 
of some uncanny event, and has been recognised even by 
men of science as worthy of respectful attention. Indeed, if 
its approach had been anticipated and its course known, but 
the hour of its arrival uncertain, it is far from unlikely that 
men of science would have looked forward with some dread 
to the possible effects of its arrival. For it was one of those 
comets — few, indeed, among the larger sort — whose track 
crosses the Earth's ; and had it come but a few months 
earlier or later, we should by this time have had the means 
of answering that long-vexed question whether the Earth 
would suffer injury were she to come into direct collision 
with a large comet. So that if we judged of the relative 
importance of the August and November meteor-systems by 
a reference to the relative importance of their comet com- 
panions, we should undoubtedly conclude that the August 
meteors are far the most important. It would follow from 
this that, since the November meteor-system produces showers 
quite as striking as any seen in August, we do not in reality 
see the full splendour of the August meteors, but, passing 
only through its edge, recognise but the scattered outliers of 
the system. 

But this being so, those who remember the magnificent 
display of November meteors in 1866, will consider with 
amazement how grand the August system must be if it is 
really capable of supplying a far more splendid shower. W«» 
remember how the stars seemed to fall continuously, so that 
at every instant (at least during a certain interval) shooting 
stars could be seen in some part or other of the heavenn. 
And we know, also, from the accounts of Humboldt and 
Bonpland that, sixty years before, there had been a yet 
grander display. If a meteor-system associated with so 
insignificant a comet as that of 1866 can produce these 
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wonderful showers, how inconceivably magnificent would be 
the scene if the Earth passed through the heart of the 
August meteor-system, associated as that system is with a 
comet of considerable splendour I 

But similar considerations may fiEiirly be extended to all 
the meteor-systems which the Earth encounters. These are 
coimted by the hundred, and though most of them seem 
insignificant compared with the August and November sys- 
tems, yet we have seen that no opinion can hence be formed 
of their real importance. Some of them may as far exceed 
the August system in importance as that system probably 
exceeds the November system. Nay, we have two excellent 
reasons for feeling some degree of assurance in this respect ; 
for one of these less noted systems has been associated with 
the comet of 1861 — an object not inferior in splendour to 
Donati's comet — and some of the recognised systems occa- 
sionally send us visitors in the form of massive aerolites, 
compared with which the tiny bodies forming the August 
and November meteors are as small shot to the Whitworth 
bolts. Startling, however, as are the considerations thus 
suggested, it is when we pass in imagination beyond the 
confines of the Eartb'j orbit that the true significance of 
what we know respecting meteors and meteor-systems be- 
comes apparent. 

We have seen tj^at our Eartli i^ally visita but a minute 
proportion of the solar domain. The space actually tra- 
versed by our globe as it circuits round the Sim, though 
enormbus compared with any of our ordinary estimates of 
size — nay, though exceeding fifbyfold the volume of the Sun 
— is yet but the minutest fraction of that vast sphere over 
which the Sun exerts supreme sway* 

Now, since the meteors are not individually discernible 
save when they enter the Earth's atmosphere, all our direct 
information respecting the condition of the interplanetary 
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spaces is derived from the actual contact of the Earth with 
bodies belonging to those spaces. We obtain our informa- 
tion respecting the planets through their visibility, but as 
respects the meteors our Earth may be compared to a blind 
man in a shower. It is only when the meteors or meteor- 
systems come into actual contact with her that her inhabit- 
ants can have direct cognisance of the existence of such 
bodies. Let us follow out this illustration. Suppose a 
blind man ¥ralked a distance of ten miles, and during the 
whole continuance of his ¥ralk felt rain falling upon him. 
Would it be a reasonable conclusion on his part that the rain 
had &llen precisely along the track he had followed, and 
nowhere eke? Would he not conclude, on the contrary, 
that the extent of country on which the shower had fallen 
extended probably, at least, as far from right to left as he 
had found it to extend in the direction of his walk ? Most 
assuredly he would not conclude that a narrow strip, t^ni 
miles long and perhaps a yard wide, had been rained ujK^n, 
but rather an area several miles wide. In other wordM, he 
would conclude that, instead of an area of a mere fraction 
of a mile in extent, a range of forty or fifty srjuare inih^^ at 
least, had been visited by the shower. 

It is equally reasonable to conclude that the track of the 
Earth is not the only part of the Sun's domain which is 
crossed by meteor-systems. There is no conc^fivable n^m^m 
why that particular hoop of gpace should \m; visite^l rath#?r 
than regions lying around it. And preci^'ly sm our illui*- 
trative blind man, had he stepped to the right or Up th<; Mt 
of his actual path, would have been \mU^l by other rain- 
drops than those which actually fell upon him, m we may 
reasonably conclude that if our Earth's orbit were ehaugird 
so that she travelled a few milliom; of mibni further froin or 
nearer to the Sun than she actually d'^-^, then i^he would 
encounter meteor-«ystems alt//gether different from th'/ft^; 
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which now assail her with a shower of ' pocket planets/ To 
come to the point for which I have been making all along, 
— ths whole of the solar domam is alive with meteors. This 
is the legitimate conclusion from the evidence acquired 
during the last few years. So long as it was thought that 
the meteor-systems are nearly circular, there was an escape 
from this startling conclusion. It was conceivable that the 
meteor-systems might affect the neighbourhood of the 
Earth's or})it, much as the asteroidal family affects the space 
lying between the orbits of Mars and Jupiter. But so soon 
as Adams and Leverrier, Schiaparelli, Tempel, and the rest, 
had made it abundantly evident that the meteors travel in 
very eccentric orbits, there remained no escape from the 
conclusion that the intersection of these orbits with the 
Earth's path is to be regarded as a merely accidental circum- 
stance. The Earth has absolutely no power adequate to 
force these meteor-systems to cross her orbit. We could 
understand the orbit of Jupiter or Saturn being crossed by 
many meteor-systems, because we know that if a family of 
meteors were passing close by Jupiter on a course which 
would carry the family far away again into space, the 
mighty attractive force of Jupiter or Saturn would (ordi- 
narily) suffice to force the members of that meteor family to 
come close to the planet before they could speed again on 
their course towards the Sun's neighbourhood. Whenever 
such an encounter as this took place, the meteor family 
would, for the future (and until again disturbed by the 
planet), travel on a path crossing or very closely approach- 
ing the planet's. But the Earth is far too small to influence 
in this way the motions of meteoric families. Those which 
approach her speed onwards with a velocity altogether 
beyond her control, so that, unless already travelling on a 
re-entering orbit passing close by the Earth's, they could 
never be forced by her attraction o enter on such a track. 
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A body coming from the stellar depths towards the Sun 
could no more be forced by the Earth's disturbing attraction 
to follow a closed curve round the Sun, than a swiftly- 
rushing rail¥ray train could be caused to leave the rails by 
the attraction of a toy magnet. 

Since, then, those meteor-systems which cross the EarthV 
orbit are chance visitors, as it were, not drawn to their pre- 
sent paths by any attraction the Earth can exert, but cominji^ 
of their own accord past her track, it follows that there 
must be for each recognised meteor-system uncounted thou- 
sands which are unknown to us because they do not approach 
the Earth's track. There is no escape from this conclusion. 
The laws of probability will not permit us to l^elieve that, 
out of a moderately large number of meteor-systems in n<» 
way attracted to the Earth's orbit, a large proportion would 
traverse that particular track in space. To judge th<' 
number of meteor-systems as no greater than the nuiulHT 
encountered by the Earth, would be like counting tlie rain- 
drops which &11 upon a window-pane in London, and con- 
cluding that just that number and no more had fallen on 
the whole city. 

It is this conclusion which gives so great an iut4;ri*tii itt 
the researches of Adams, Leverrier, and others on th«* 
November meteor-system. If we were sure that iUai 
meteor-system was the only one of its kind, or liarl but fi'W 
fellows, we could attach no great importance to itH p'cii- 
liarities. They would have a certain interest, doubt 1i*mk, |ir<- 
cisely as the discovery of an a.«teroid has a certain int^-n-Ht ; 
but they would involve no resultu of osmical «ignifir;in<<'. 
Under the actual circumstances, wliat lias U*<;ri (irovi'd 
respecting the November meteors opeuM a field of conj^^ctun* 
of almost boundless extent. Whence rjttntt Ih <•>**? uncounti'd 
millions of bodies, rushing through t^juwjt with inconc^fivabl^- 
velocity? What purpose do tlu-y fulfil in the tu'tstotny tti 
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the solar system ? Do any of them pour upon the Sun, as 
has been supposed, a hail of cosmical material, replenishing 
his fires and recruiting his energies? Has the mighty 
attractive influence of the Sun, which guides the planets on 
their wide circuits, this further work to perform, of gather- 
ing from out of space the material by which his own fires 
are fed? Or do these myriads on myriads of cosmical 
bodies, with all the vital forces represented by their velo- 
city, subserve no purpose whatever in the economy of our 
system? Are they the chips in the great workshop of 
Nature, the sparks which have flown from the mighty grind- 
stone, the shreds of clay which the giant potters Attraction 
and Repulsion have cast aside as useless ? 



This paper was accompanied by the following note : — 

Our readers may be desirous of learning what are the 
chances that the display of November meteors will this year 
be worth observing. In 1866, it will be remembered, the 
great display lasted but a few hours. Had it occurred 
either a few hours sooner or a few hours later, we, in 
England, should not have witnessed it. In the former case 
we should have been on the sheltered part of the Earth — 
to leeward, so to speak, of the meteor storm ; in the latter, 
though the meteors would have fallen upon portions of the 
atmosphere above our horizon, it would have been full day- 
light, and we should have seen no trace of them. In 1867 
the display also lasted but a very short time, and was not 
visible in England. Had the shower in succeeding years 
lasted an equally short time, it would have beeti possible to 
tell, at least approximately, where the display would be 
seen this year. But since 1867 the November meteors have 
supplied a shower lasting many hours, though not so rich as 
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in the former years. Last year, indeed, the shower would 
seem to have lasted several days, since observers noticed 
that on the 11th, 12th, 13th, 14th, and 15th of November, 
the stray shootingHstars travelled from that part of the con- 
stellation Leo which is called the radiant of the November 
meteors. At intervals the stars fell pretty thickly, and all 
the observed facts seem to indicate the justice of the view 
put forward by Professor Alexander Herschel (at the 
November meeting of the Royal Astronomical Society), that 
the system has separated since 1866 into three distinct 
strata. I had myself put forward in October a somewhat 
similar theory. Referring to the observations made on the 
meteors in 1868, 1 said (in the Student for the above date), 
^ There were several maxima,' ^ the epoch of maximum 
display observed in the United States did not correiffX)nd 
with the hour named by Professor Grant,' of Glasgow, hh 
the hour at which the shower reached its maximum ; and 
further on, referring to observations made at the 0}>ser- 
vatory of Capetown, — * here then was a third maximum 
occurring before Professor Grant's.' In the same pajK^r I 
drew an ideal picture of the system indicating the pn^ljable 
nature of the part to be traversed in 1869, and the ;;reat 
width I assigned to this part corresponded exactly with the 
observed event. I feel, therefore, some confidence i;i 
announcing my opinion respecting the shower this year. I 
believe that on the nights of November 11-15, after twelve, 
many meteors belonging to this system will be visible, and 
that at intervals on the nights of November 12 and 13 (that 
is, the nights between November 12-13, and Novemly r 
13-14) there will be from midnight to dawn showerH oi 
stars, not comparable in splendour, perhaps, with t)je din- 
plays which took place in 1866 and 1867, nor lasting many 
minutes, but still well worth observing. 

M 
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I 

[This anticipation was confirmed by the event. But the 
display of 1870 was the last of the series inaugurated by the 
magnificent shower of 1866. In 1871, as already men- 
tioned, only a few stragglers were seen.] 

English Mechanic for Norember 4, 1870. 
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THE ZODIACAL LIGHT. 

It cannot but be regarded as a remarkable circumstance 
that the nature of the Zodiacal Light should in the present 
state of astronomy continue to be a qvxeatio vexata. I do 
not here refer to the physical constitution of this object, 
respecting which we may possibly be unable for many years 
to form a satisfactory theory, but to the determination of 
the actual position of the Zodiacal Light in space. As- 
tronomers have been able to determine from geometrical 
considerations the paths of such objects as comets and 
meteors ; it would therefore seem that the position of such 
an object as the Zodiacal Light ought ere this to have been 
determined. 

Yet it must be admitted that there are peculiar difficulties 
in this problem. We can reason respecting the distance and 
motion of a comet^ because we know that our observations 
are made on one and the same body, whose motions are in 
accordance with the laws of gravity. It is otherwise with 
respect to the Zodiacal Light. We see a certain glow or 
radiance occupying a definite position with respect to the 
horizon and to the celestial circles ; but we have no means 
of ascertaining whether the objecta from which that radiance 
proceeds are the same at any one time as at any other, or 
indeed (as will presently appear) whether a single one of 
the constituents forming the zodiacal gleam at one season 
is present within the same region of the solar system at 
another. 

The geometrical considerations applicable to the Zodiacal 

X 2 
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Light are, however, too definite to admit of question — in 
other words, the path to be followed in seeking for a theory 
of this object is unmistakable. Hitherto, so far as I am 
aware, that path has not been traced out far enough for the 
attainment of definite views — ^the perplexities which pre- 
sently surround us as we follow it having seemed perhaps tq 
render further research hopeless. 

It happens, however, not unfrequently, that the very 
difficulties surrounding a subject of this sort assist us — in 
this way — that they enable us to reject theories which 
otherwise might engage our attention and so cause per- 
plexity. Precisely as the very complexity of a lock makes 
us all the more certain that a key which opens the lock is 
the key really appertaining to it ; so, where a subject of 
astronomical research presents many perplexing phenomena, 
these become so many reasons the more for accepting a 
theory which is not contradicted by any one of them. 

This is, I think, the case with the Zodiacal Light. By 
considering the peculiarities of this object, we are able — 
as I hope now to show — to get rid, one after another, of 
various theories which might otherwise distract our atten- 
tion. And though by this process of elimination we may 
not be enabled to determine quite the tioie theory of this 
object, we can yet considerably narrow the field within 
which selection has to be made. 

The first considerations to be dealt with are those which 
depend on the normal features of the Zodiacal Light. It 
is well known that the light exhibits usually the figure of 
an oblique conoid whose axis lies close by the ecliptic, and 
whose vertex lies at a varying distance from the position of 
the Sim, Near the axis the light grows brighter, except 
close by the vertex, where it is even fainter than at the 
other parts of the border. The following table, prepared by 
Herr Klein, from modem observations, indicates the varying^ 
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range of the vertex from the place of the Sun — ^though it 
must be remembered (and will be recognised at once by 
everyone familiar with the varying position of the ecliptic 
during the year, and other like circumstances) that these 
measures indicate variation in the extent of visibility rather 
than (of necessity) any real variation in the extent of the 
light. 



D«j of the Year 


Dittuioe of Vertex 
from San. 


Part Oboenrod. 


Januaiy 


2 
26 


83MD 
91-8 


Western half. 


Febraaiy 
March 


11 
14 
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74-0 


• « 


April 

May 

Augoat 

September 

October 


14 

4 

1 

15 

17 


750 
66-0 
770 
58-0 
74-5 


»» 
f» 

Eastern do. 
»» 


November 


12 


71-3 


•» 




29 


56*5 


«f 


December 


13 


610 


»♦ 




28 


80-5 


t* 



The setting of the Zodiacal Light when the western half is 
visible, and the rising of the light when the eastern half is 
visible, take place quite regularly, and in a manner precisely 
corresponding with what would be observed if the Zodiacal 
Light were a distant object like a planet, a star, or a portion 
of the Milky Way. 

Now these circumstances at once enable us to reject tlie 
theory that the Zodiacal Light is a terrestrial appendage — by 
which I understand for the moment an object lying within 
the Earth's atmosphere. For there can be no question 
whatever that if any definite portion of our atmosphere 
were rendered luminous in any way, that portion would 
either occupy an tmchanged position, or would shift ac- 
cording to the laws regulating the process of illumination, 
or according to the winds, or other like terrestrial causes. 
Now that on any given occasion such causes might so 
operate as to give the illuminated air the appearance of 
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rising or setting as celestial objects do (that is, not merely 
rising or setting, but rising or setting along declination 
parallels; is quite possible, however unlikelj. To take an 
illustrative instance: a balloon, seen at anj one instant 
between an observer and the Sun, might be carried by the 
winds so as to continue between him and the Son, even 
until the hour of sunset. But to suppose that night after 
night at any station a relation so peculiar would characterise 
the illuminated air, is like supposing that a balloon, started 
day after day from a given place, would day after day fulfil 
the condition considered above. This is obviouslv in- 

■ 

credible. But even if it were credible, it would be insuffi- 
cient, since the region of our atmosphere which would 
have to be illuminated in order to account for the Zodiacal 
Light as seen in one place, would, as seen from other stations, 
present an appearance wholly different from that of the Zodiac 
cal Light. In fact, if the former place were in England, the 
Zodiacal Light would actually be overhead at places 900 
miles or so west or east of England. 

Next we have the normal aspect of the Zodiacal Light in 
different latitudes to consider. Now we have the most 
positive assurances from astronomers of eminence that the 
Zodiacal Light, wherever seen, occupies ordinarily precisely 
those regions of the heavens corresponding to the theory 
that it is too far from the Earth to have an appreciable 
parallactic displacement. We have the evidence of practised 
astronomers like the Astronomer Royal for Scotland, Captain 
Jacob, and others ; and all the evidence we have points to 
the conclusion that the Zodiacal Light, as seen in the tropics, 
extends at any moment over those same parts of the stellar 
heavens which it illuminates as seen from our northern 
stand-point. The limits of the light may seem greater in 
those latitudes than in ours, but the axis of the conoidaL^ 
gleam is situated precisely as with us. 
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Now it seems whoUy tinquestionable that this quality of 
the light should dispose at once and for ever of the theory 
that the Zodiacal Light is due to the existence of a ring of 
matter around the Earth. 

Let it be remembered that there is only one ¥ray in which 
the ordinary aspect of the Zodiacal Light can at all be in- 
terpreted on such an hypothesis. If there were a ring of 
meteorites as far from us as the Moon is, then tmdoubtedly 
there would be a gleam in the west after sunset, and in the 
east before sunrise, in the position where we see the Zodiacal 
Light. And further, the individual meteorites producing 
any portion of that gleam would imdoubtedly rise and set 
much as the Zodiacal Light is observed to do. But there 
would also be a gleam, and a much brighter gleam, in the 
south. The meteorites rising and setting would turn only a 
Rmall portion of their illuminated faces towards us, those in 
the south (on or close by the ecliptic) would be * full,' so to 
speak, and their combined lustre would be proportionately 
more considerable. Now supposing the ring exactly co- 
incident with the ecliptic, the Earth's shadow would fall on 
the part due south. But the width of this shadow would 
(on the supposition we are considering) be relatively small. 
At midnight, in our latitudes, we should undoubtedly, on 
this supposition, see two arms of light extending from the 
eastern and western horizon along the ecliptic, each growing 
brighter and brighter towards the south ; and a relatively 
narrow black rift would lie between the bright extremities 
of these arms. It is no theory that this would be the case, 
but a simple deduction from the most obvious geometrical 
laws. 

If then we are to have a ring roimd the Earth, it must 
lie &r within the Moon's orbit, so that the Earth's shadow 
may be wide enough to cover the meteorites along the whole 
of that long arc which imder ordinary circumstances is 
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undoubtedly unilluminated. The Earth^s shadow cannot be 
more than 8,000 miles acroes anyvchere^ and we must have our 
ring at such a distance that this width of 8,000 miles may 
correspond to (or subtend) that wide arc of darkness actually 
observed under ordinary circumstances. (It is absolutely 
essential that ordinarv circumstances should be accounted 
for ; only when this has been done need we b^^ to inquire 
into extraordinary circumstances.) 

Now we need not leave our own latitudes to decide how far 
off the ring should be to account for the apparent dimensions 
of the Zodiacal Light ; because on the theory that the Earth^s 
shadow, £Eilling on a ring of some sort, defines the limits of 
visibility of the light, it would follow, precisely as in the case 
just considered, that the light would grow brighter and 
brighter up to the very edge of the shadow. (Supposing 
that edge to correspond to the extent of the Earth's shadow, 
there would be a somewhat ruddy bordering ; but up to the 
commencement of that fringe there would be a reg^ular 
increase of brilliancy.) But passing over this consideration 
(and also the consideration that the observed aspect of the 
Zodiacal Light in our latitudes is wholly inconsistent with 
the aspect thus shown to be due to the hypothesis we are 
dealing with), we may take as most favourable to the 
hypothesis of a meteoric ring near the Earth those observa- 
tions of the Zodiacal Light in tropical regions which give to 
the ordinary apparitions* of the light the greatest observed 
extension from the Sun. 

We have it on the authority of Professor Piazzi Smyth 
that, even when he observed the Zodiacal Light under ex- 
ceptionally favourable conditions — firom an elevation, namely, 
of no less than 11,000 feet above the sea-level — the western 
tongue had completely set fully four hoiu^ before the eastern 
tongue began to rise. Now even if the eastern tongue were 
Just b^inning to rise when the western tongue had fully set, 
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there would still bean arc of 180** between the two vertices.* 
But the shadow of the earth would not account for such an 
arc as this between the vertices, unless the outer part of the 
ring had a radius not exceeding V2 x radius of the Earth 
(even in the most favourable case of a station near to the 
equator), and with such a radius as this the outer part (even) 
of the ring would be always invisible from places having a 
higher northerly or southerly latitude than 45**. 

And even if we set this demonstration on one side for a 
moment, it is yet obvious that a ring lying relatively near 
the Earth, whether it coincided in plane with the equator, 
or with the ecliptic, or with any intermediate plane, could 
not possibly exhibit any approach to coincidence with the 
celestial ecliptic, when viewed from high latitudes. Further, 
as seen from high northern latitudes, such a ring would 
always have a parallactic displacement causing it to lie to 
the south of its geocentric position, and vice versa : whereas 
no such association between the latitude of the observer and 
the apparent position of the Zodiacal Light has ever been 
observed ; far less such a systematic association as the case 
requires. 

It is geometrically impossible, then, that the ordinary 
aspect of the Zodiacal Light can be accounted for by any 
theory which represents it as due to a ring of light-reflecting 
bodies around the Earth, whether that ring be close by the 
Earth or at a distance comparable with the Moon's.f 

* It must be remembered that each vertex, as the 2^iacal Light was seen by 
Professor Smyth, lay close by the ecliptic 

t While dealing vith the relations presented by th% Satumian ring-system. 
in 1864, 1 was led to apply the formulae, with suitable changes of elements, to 
the case of a ring circling the Earth ; being iuTited to the inquiry by the 
perusal of the obserrations made by Lieut. Jones, and comments made thereon 
by Baron Humboldt. I found that there is not a single hypothesis as to the 
dimensions of such a ring which would lead to results according with or even in 
the slightest degree approaching the results of observations made upon the 
Zodiacal Light This conclusion is embodied in a note at p. 1 1 7 of that treatise ; 
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We need not consider the theory that the light may be due 
to a self-luminous ring around the Earth, for obTious reasons. 

Now, passing from the normal features of the ring to more 
or less exceptional peculiarities, we find ourselves compelled 
to reject yet one other theory of the light — ^I mean the 
theory that it is due to a diso of minute bodies travelling in 
orbits of small eccentricity around the Sun. 

The peculiarities which oppose themselves most strikingly 
to this theory are those which relate to the position and ex- 
tent of the Zodiacal Light, though it will be obvious that the 
observed varic^tions in the apparent brightness of the light 
are not readily explicable on this hypothesis. 

Admitting the existence of a disc of bodies, travelling as 
supposed, it will be evident that the changes alBfecting the 
motions of any member of the system would correspond 
exactly to those which would affect the motions of any con- 
siderable orb travelling at a similar distance from the Sun. 
In other words, the changes would resemble those slow 
periodic changes which affect the orbits of the Earth, Venus, 
and Merciuy. Nor is it conceivable that the members of 
the system would so interfere with each other's motions as 
to affect appreciably at any time the appearance of the 
disc. Now changes such as these, affecting the individuals 
of a set of bodies which at any one time were spread with a 
certain uniformity (as the ordinary appearance of the 
Zodiacal Light would imply to be the case with its con- 
stituents) could not account for the observed changes in the 
position and extent of the light. The axis of the gleam has 

in which nolo I remark that such investigations ' prove that the Zodiacal Light 
cannot be due to a ring of minute satellites surrounding the Earth, the appear- ^ 
nnce of the ring in high latitudes being altogether different f^om that whi 
would be presented by a ring surrounding the Earth.' I am careflil to refer 
these researches and their results, because remarks have been publiahed impl 
ing that I have somewhat hastily come to a decision on the points here dea^I 
with. A complete mathematical investigation of the snlrject, made Ailiy e^ 
years since, may be regarded as fairly meeting those remarks. 
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been seen at times by practised observers, inclined at a con- 
siderable angle to the plane of the ecUptic. The extent ot 
the Zodiacal Light has varied at times in the most remark- 
able manner, while its luminosity has been so variable that 
sometimes for months together it has been scarcely percep- 
tible (in our northern latitudes) ; while at others it has been 
singularly conspicuous. I set on one side for the moment 
those observations by Lieut. Jones which would imply that 
at times the Zodiacal Light increases so greatly in extent as 
to become visible at once both on the eastern and western 
horizon. I also set on one side those observations by 
M. Liais according to which the Zodiacal Light can be seen 
at times extending as a complete arch from the eastern to 
the western horizon. Assuming these observations to be 
reliable (and those by M. Liais do not seem open to ques- 
tion), a true theory of the Zodiacal Light may be expected 
to account for them. But without insisting on this, it is 
evident, I think, that the admitted variations of the Zodiacal 
Light, in position, extent, and splendour, do not admit of 
being interpreted by the theory that the light is due to a 
disc including always the same materials moving in orbitn 
of small eccentricity. 

Nor do our difficulties seem removed if we assume that 
the constituents of the disc travel in orbits of considerable 
eccentricity, so long as we suppose that the actual constitu- 
tion of the disc is constant, or nearly so, amidst wliatr^ver 
variations in the distribution of individual constituents. 

Yet the general aspect of the 2jodiacal Light, and th(3 con- 
siderations already applied to other theories, suffice* Ui prove 
that there is always present around the Sun, as centre, a 
disc either composed of discrete meteorit^^, of vaporous 
masses, or of some combination of these and other forms of 
matter. The materials of this disc must U; in motion 
around the Sun in accordance with the laws of gravity ; at 
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least we have no evidence whatever inviting us to the sup- 
position that they differ in this respect from all the other 
constituents of the solar system. 

We are thus led to the conclusion that the bodies com- 
posing the Zodiacal Light travel on orbits of considerable 
eccentricity, carrying them far beyond the limits of what we 
may now term the zodiacal disc. The constitution of the 
disc thus becomes variable, and that within limits which 
may be exceedingly wide. They must be so in fact, if all 
the recorded variations of the Zodiacal Light are to be 
accounted for. In other words, it is requisite (if our evi- 
dence is to be explained) that the paths of the materials 
comprising the Zodiacal Light shall be not only for the most 
part very eccentric, but that along those paths the materials 
should not be strewn in such a way that a given portion of 
any path is at all times occupied by a constant or nearly 
constant quantity of matter. 

According to this view the constituents of the Zodiacal 
Light would — at least as respects distribution along their 
several paths and the general figure of those paths — resemble 
very closely the meteoric systems which, as we know, the 
Earth traverses in the course of her annual motion around 
the Sun. 

By considering the Zodiacal Light we have thus been led 
to a theory involving, and associated with, the theory of 
meteor-systems as now established by the labours of Adams, 
Leverrier, Schiaparelli, and others. But it is worth noticing 
that by reversing the process, and considering first the 
theory of meteor-systems so established, we are led quite as 
readily to the theory that there must at all times exist in 
the Sun's neighbourhood a disc of discrete constituents 
which would present precisely such an appearance as the 
Zodiacal Light. I have shown elsewhere that this result is a 
simple mathematical deduction from the evidence. 
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But setting this consideration wholly on one side, the fact 
remains that all other theories of the Zodiacal Light — that is, 
of the motions of its constituent parts, without reference to 
its physical constitution — have been eliminated. It remains 
only to be shown that this theory is controverted by no 
peculiarities in the observed appearance of the Zodiacal 
Light, and also that we should inquire what further general 
laws, if any, may be predicated of the motions of the bodies 
composing this object. 

The fact that the axis of the Zodiacal Light is ordinarily 
close to the ecliptic, is accounted for on the assumption that 
the various paths along which the constituents of the zodia- 
cal djsc travel, tend to aggregate towards the neighbourhood 
of the ecliptic. There is nothing, however, to prevent 
individual systems from having a considerable inclination to 
that plane. 

The observed variation of the Zodiacal Light in brilliancy, 
position, and extent, is obviously to be expected according to 
the view of its structure now under consideration. 

The simultaneous appearance of an eastern and western 
light and Liais's observation of a complete arch of light, 
have to be accounted for as highly exceptional, but at the 
same time recognised phenomena. It is easy to see that 
both these phenomena may be r^arded as indicating the 
occasional but very exceptional extension of the zodiacal 
disc to a considerable distance beyond the orbit of the 
Earth. But it must not be concealed that there are grave 
difficulties to be removed before this interpretation can be 
regarded as satisfactory. 

Let us suppose, for instance, the case of a thin luminous 
disc occuppng the whole orbit of Mars, and that the Earth 
is in the part of her orbit where her distance north or south 
of this plane is greatest. Then it will be evident that the 
outline of the disc as seen from any part of the Earth would 
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correspond very aearly to a great circle of the heavens, and 
that the whole of the visible heavens south or north of 
that great circle would be hidden by the luminona diec. la 
other words, a region of the heavens far lai^er than that 
occupied by the arch of Liais, or by the eastern and westers 
lights of Jones, should be occupied by the Zodiacal Light i 
it had some such extension as we have assumed in the c 
of this luminous disc. 

It is to be remembered, however, that, assuming (ai 
are bound to do) a considerable degree of flatn^a in 
actual figure of the zodiacal disc, and more especi&Hy (^)f 
more distant portions, then much more light would be 
ceived from those parts towards which the line of sight J 
directed at a considerably acute angle, than from those p 
which the line of sight crosses nearly at right angles 
it is easy to see that on any reasonable assumption us to t 
range of zodiacal substance which it is necessary that, the lH 
of sight should traverse io order that any appreci-ihle ligl 
should be received, the occasional visibility of the light whal 
the superior planets alone can be seen becomes ii 
explicable as the ordinary visibility of the light in thai 
parts of the sky where the inferior planets become visible. I 

It will be seen that all that can be strictly said to haM 
been demonstrated in this paper is the fact that the ZodiaoT 
Light is associated with the Sun, and not with the Eai 
that it is not due to solar light reflected &om bodits trava 
ling within the Garth's orbit, whether in circular or ellipl 
orbits ; and that if the major part of the Zodiacal Light | 
reflected solar light, then the paths of the bodies reflecting 
that light must resemble those of the meteors encountered 
by the Earth. As the spectroscope seems to show that at 
least a portion of the light * of the zodiacal gleam is not 

* I iui> this modi of ipeating not b; itny meitna u doubting tha MCiiTBej of 
XogMtoiD'a obterratioii ; but beeaoM even if the greUw put of the light gave 



THE ZODIACAL LIGHT. 175 

reflected Bolar lighi, we cannot, in the preBent state of our 
knowledge, definitely decide on a theory as to the motions 
of the bodies to which the light is due. For the solution of 
the problem is obviously bound up with the interpretation 
of the physical natuie of the Zodiacal Light. If some solar 
action, for example, rouses luminosity in certain definite 
directione — as, for instance, near the plane of the Sun's 
, equator — in some such way as light is caused to appear along 
lines through and beyond the heads of comets, our 
r of theorising from such considerations as have been 
b with in this paper would be limited. It would still 
1 certain that the Zodiacal Light is not a terrestrial 
ige (either near or fax off), but what sort of solar 
ndage it might be would be a problem as di£Gcult to 
6*3 that presented by comets. 

f tiie radiated structure of the Sun's corona as seen under 

[able atmospherie conditions should be confirmed as 

^ than an optical phenomenon, it is not impossible that we 

t be put in t^e way of interpreting the Zodiacal Light. 

Monthly SdHcM c/ tit Sog^ Mlnmomkal Soeietg for Kor. 1870. 



IS speoCnnn, yet Qua ■pectnun might rsnuiin imdiscerDible even when 

1 porrea ponding to a Tery minote proportion of tha total liglit were 

»ae. N17, such bright lines as Angstrom found in the apectram of 

nphoresccnt light from the iky might be detected when a continnoua 

1 &om the much bagbC«r light of the xodiacal radiance remained 



170 ASTRONOMICAL ESSAYS. 



THE SOLAR CORONA AND THE ZODIACAL LIGHT 

WITH SUGGESTIONS BESPECTING OBSEBVATIONS TO BE 
MADE DUBING TOTAL SOLAB ECLIPSES, 

(a PAPEB WBITTEK with special RSFBREirOS TO THB EGLIP8S OF 

DECEMBEB 1870.) 

Total eclipses of the Sun last so short a time that, if 
possible, no part of that time should be wasted through 
a misapprehension of the nature of the phenomena to be 
observed. On this account I cannot but think it would 
be a matter to be much regretted if mistaken views were 
promulgated respecting the corona, supposing it to be pos- 
sible — which I take to be the case — to form just views from 
the evidence already in our hands. 

The principal object of the observations to be made during 
future solar eclipses will be to ascertain the characteristics of 
the solar corona. Observers will certainly be able to work 
much more eflFectually if they know beforehand the general 
nature of the phenomenon, for they will, thus be guided not 
only in the selection of modes of observation, but also by know- 
ing what points it is most important they should attend to. 

I think it so essential to avoid raising unnecessary doubts, 
that I would not venture to express the opinion that the 
corona is wholly a solar appendage if I had not given the 
matter very careful consideration, and found the evidence 
overwhelmingly strong in favour of this view. 

It is hardly necessary to discuss the theory that the corona 
is due to the diffraction of solar rays which pass near the 
Moon's edge, because that theory has been thoroughly di8- 
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posed of by Brewster's arguments. Nor need we consider 
La Hire's theory that the phenomenon is due to the reflection 
of the solar rays from the irregularities of the Moon's sur* 
fsLce, as it is obviously inconsistent with the observed pecu- 
liarities of the corona. 

But a theory has recently been put forward that the corona 
is simply due to the glare of the terrestrial atmosphere, and 
this theory has been adopted by astronomers of standing. I 
hold it to be important, therefore, that this theory should be 
subjected to careful scrutiny, as undoubtedly, if it be er- 
roneous, much n^schief may be done to the cause of scientific 
progress by its promulgation. 

The first and most obvious evidence asfainst this theory is 
the fact that the Moon is projected as a dark disc on the 
bright background (so to speak) of the corona. The theory 
requires that the corona should, in fact, not be a background, 
but a foreground ; and one might naturally inquire how the 
Moon, which is beyond the Earth's atmosphere, should come 
to be apparently projected upon the supposed glare of that 
atmosphere. 

But though this circumstance is in itself decisive of the 
matter at issue, let us turn to less obvious considerations. 
As a matter of fact, we know that light reaches the eye along 
lines tending from the neighbourhood of the eclipsed Sun. 
Let us inquire whether in those directions there is illuminated 
air ; if not, optical considerations will force us to regard tlie 
source of light as beyond the air. 

The eclipse of December [1870] is not a favourable one for 
my argument ; but it will be more interesting, and perhaps 
more useful, to consider it than any other. 

In Fig. 8, let A represent the position of an observer on 
the line of central eclipse, somewhere in the south of Spain. 
At such a station the eclipsed Sun will be almost 30 
degrees above the horizon ; and I find from a valuable paper 

N 
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wliich Mr. Hind has been good enough to forward to me, 
that the shadow-cone will be about 50 miles across, where it 
readies the Earth. Obviously, then, the shadow on the 
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cIt'Raoius 900MIUS, emcmii. 



Kiirth will be an ellipse whose major axis will be about 100 
miles, its minor about 50 miles in length. Let AS then be 
drawn inclined at an angle of about 30"* to H A H', the 
horizon line at A in a vertical plane through the Sun ; and, 
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having Ac, A </ each to represent a space of 50 miles ; lot 
cm and c'm' be drawn, each inclined about 16' to AS, so 
that while A 8 is directed towards the Sun, d m' and c m 
would be directed towards the highest and lowest points of 
the Moon's limb. Then m' </ m c is a vertical section of tlie 
Moon's shadow. 

Now we do not know the height of the terrestrial atmo- 
sphere, but we may confidently believe that no air above the 
height of 100 miles can reflect any appreciable amount of solar 
light to us.* Let us therefore take A Z to represent 100 
miles; then HZH'will represent the limits of the light- 
reflecting air, where H H' is about eighteen times as great 
as A Z. The portion of the atmosphere above the horizon- 
plane of the observer will therefore be of the figure produced 
by the revolution of H Z H', about the vertical axis A Z. 
It will be, in fact, a plano-convex lens. 

Let c m and </ m' meet H Z H' in 6 and 6' ; then tlie por- 
tion hccfV will be in the Moon s shadow. (The effects of 
refraction are obviously insignificant.) The only light which 
can reach this part of the atmosphere is that from the 
chromatosphere (to use a convenient but unsatisfactory nani<,') 
and the coloured prominences, or from the ejulh and sur- 
roimding illuminated air. Towards h and V the observer 
will recognise the first faint traces of directly illuminated 
atmosphere, and the light will gradually increase above // 



* Bravais, from a discussion of Lambert^s obsenntions of the cr<-puFcu1ar 
euire, deduced a height of nearly 100 milfs. His own obser\-ations, nuide from 
the sammit of the Faulhorn, gave a height of about 66 miles. Neither obtimate 
refers to the actual limits of the atmosphere however. Dr. Bulfour Stewart 
considers that perhaps the best means of judging on this point would bo by 
observations made on the aurora. From such observations made in 1819, 
Dalton estimated the extreme height of the auroral light at 102 miles ; Sir 
John Herschel estimated the height of an auroral arch seen on March 9, 1861, 
at 83 miles (undoubtedly the aurora is often seen much lower). The limith of 
air capable of reflecting light must certainly lie much below the uctual limits 
of the terrestrial atmosphere. 

V 2 
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and below b (more rapidly in the latter case than in the 
former). By a careful construction (a method quite exact 
enouj^h for such an inquiry as the present), I make the angle 
S A a about 6°, and the angle S A a' about 9^ 

This, however, refers to only one section of the shadow- 
cone. To determine (roughly) the extent of illuminated 
atmosphere in a horizontal direction, we liave only to con- 
sider the air-lens H Z H' as supposed to be viewed from 
a}>ove. In Fig. 9, c (/ represents the actual shadow on the 
(jarth ; b U the intersection of the sliadow-cone with the 
limits of our hypothetical envelope 100 miles high. Thus 
b U cc^ Fig. 9, represents simply a vertical view of the por- 
tion b ccf U of the shadow-cone in Fig. 8. Lines 6 a, V a\ 
drawn from the centre of the ellipse c c', touching the ellipse* 
bb\ give approximately the angular width of that part 
of the heavens within which no atmosphere directly illu- 
minated by the Sun can be visible. I find from a careful 
construction that a b and cC V would include an angle of 
about 14^®. 

Tims we obtain a nearly circular region (in which the Sun 
is eccentrically situated), having a horizontal diameter of 
about 14^°, and a vertical one of about 15% within which 
there is not any light whatever from directly illuminated 
air. The Sim would be about 6® from the lowest point of 
this dark region. 

With regard to the light from the prominences and the 
chromatosphere, upon the air within this region, we know that 
it cannot suffice to light up the air with any strong, if even 
with any appreciable glow ; because we know how small 
a relation ordinary atmospheric glare bears to direct solar 
light, and the glare due to the chromatosphere and pro- 
minences would bear a similar relation to the direct light 
from those sources. But further, whatever light came in this 
way would obviously illumine the outer parts of the shadow- 
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fnistum bb' (/ c more strongly than the parts near the axial 
line A S. Hence a &int diflFused light diminishing towards 
the neighbourhood of the Moon should result.* 

As regards the illumination of the shadow-frustum by 
light derived from the neighbouring illuminated atmosphere 



* This WAS ooDfirmed during the eclipse of December 1S70. Indeed, th*^ 
light reoeired £rom the direction of the Moon gave the ' promin«*nce Bptvtnirn,' 
Teiy faLint, of course. It is noteworthy, however, that during the late eclipKc 
the Moon's disc appeared green. It was compared* by one obserrer to dark 
green Telvet At first sight it might appear as though a full explanation of 
this was supplied by the fact that the air towards the Moon's body was illumi- 
nated by the corona, the principal line in whose spectrum is green. But as 
the corona itself did not appear green, we must suppose that the chief portion 
of the corona's light was in reality that which gave the faint continuous spec- 
trum ; and this must needs be the case with the coronal light reflected l»y our 
own atmosphere. It may be assumed, therefore, that the coronal (reflect e<l) 
light received from the direction of the Moon's body could not have been 
appreciably g^reen ; and the observed greenness of the Moon's disc must b<- 
otherwise explained. 

It seems to me that a sufficient explanation is to be found in the nature of 
the light received by the Moon from the Earth during the eclipse. Thi» light 
as respects quanti^ most have been considerable — in fact (for equal surface**) 
some thirteen times that with which the full Moon illuminates the Karth. 
The Moon's shadow on the Earth would have the effect of diminishing thin 
light by the same amount as if, instead of umbra and penumbra, then* were 
a black shadow whose foreshortened aspect seen from the Moon equalled the 
Moon's disc as saen by ourselves. Its colour must have been green, I think ; 
becaose the proportion of land and sea surface in the terrestrial disc, iih MG«ri 
from the Moon, was sadi that^ calling the ocean blue-green and the land 
brownish (on the average), the resulting mixed colour would be a delicate olivo 
green. (In the QuarUHy Journal of Science for October 1870, I have hhown 
the exact orthographic presentation of the Earth's dific towards the Moon near 
the epoch of totality.) 

Now daring the eclipse of 1860 land and sea were turned towards th<- Moon 
in different proportions. The eelipee occurred in summer, so that the nort hem 
or land portion of the Earth was less foreshortened, and furthermore the 
eclipse occurred at about three in the afternoon, by which hour the two 
Americas were well advanced upon the Earth's disc as seen from the Mfxjn . 
One would therefore expect that the Moon's disc on that occasion should 
have presented a brown hue. And accordingly we find Mr. De La Kue so 
describing iL 

It would appear probable, therefore, that our Earth, as seen from distant 
stations, as Venus or Mercury, is usually a green planet, but sometimen dun or 
fawn-coloured. Also her rotation may probably l^e rwrcignised frt^m Venus 
withoi^ teleaoopic aid, simply by her colour*chang«rs. 
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and from the Earth, it is only necessary to remark that even 
\vhen there is no eclipse the light thus falling on such a 
legion as lb' (/ c would be small ; but that while a total 
<*clipse is in progress all the parts near the shadow-cone are 
in nearly total eclipse, and not any part of the whole region 
II ZW is illuminated by so much as half the solar disc. 
Fiu-tlier, the light derived from this source, like that derived 
from the prominences and chromatosphere, should diminish 
towards the neighbourhood of the Moon's disc, instead of 
increasing as the coronal light does. Also, the light from 
all these sources should extend over the Moon's disc, since 
it woidd illuminate the air between the observer and the 
Moon's body.* 

It follows then that, so far from giving an account of the 
corona, atmospheric glare gives us a dark region round the 
eclipsed Sun, and a gradual increase of light with distance 
from him. 

Within this dark space the disc of the Moon, illuminated 
by the Earth with about thirteen times as much light as the 
new Moon sends to us, ought to be conspicuous by its relative 
brightness. 

Now, though the reasoning here deals with relations so 
simple that a mistake can hardly arise, yet there are certain 
tests to which these conclusions may be submitted before we 
proceed. 

It is clear from Fig. 8, that before the limits of the total 
shadow reached A there should be atmospheric glare towards 
the 8un, and further that this glare should at first wholly 
cover the Moon, and rapidly sweeping across her disc, just 
lK»fore totality, should pass away from her neighbourhood 

* It wiU be perfectly obvious that the line of reaeoning here adopted inTolrea 
the conclusion that if the corona be a solar appendage, there will be an atmo- 
Hpheric glow due to the ccirona, as well as that due to the prominences and 
chromatosphere. But as my object was to prove that tJie corona is a solar 
appendage, I could not here bpeuk of the effects due to this lolar corona. 
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with ondimiDisbed velocity. It wouJd.be difficult to detect 
such a {dienomeaon by ordinary obRervation ; though, &» I 
shall presently §how, not impracticable. But supposinr; a 
photograph could be taken an instant before totality, we 
mi^t catch the glare while in the actof crossin;' the Moon'a 
disc Now this could only be managed 1^ a miracle of 
dexterity ; but, by a miracle of good fortune, it /km been 
managed already. The first photograph of Lieut.-<!V>I. 
Tennant's admirable series was taken an instant before totality 
commenced ; and there we have the gUn'eju.at about to leave 
the Moon'adiec, but atUl trenching 
Tnostobvioiislyttpon.it. Fig. 10 
represents the feature here dealt 
with. The light here is true 
atmospheric glare, and we see 
that, as might have been thought 
obvious, it is not limited by the 
Moon's disc which lies so fer be- 
yond the limits of the air. Then 
also we notice another important 
point. The edge of the glare is obviously travelling mucli 
faster than the Moon ; for while the iloon proceeds to ol>- 
literate the last remaining point of the Sun's disc, the glare 
traverses the much wider distance separating its inner ed^o 
from the Moon's limb. Clearly this velocity would carry the 
glare clean away from the Moon, as the above reasoning 
shows should be the ease. 

Again, it will be obvious, from a study of Figs. 8 and 9, 
that during an annular eclipse, at the moment when the 
shadow-cone is pointing directly, or almost directly, towards 
the observer, the centre of the Aloon's disc ought to he much 
darker than the edge. Now in the tenth volume of our 
' Memoirs,' Mr. Baily states that, while observing the eclipse 
of 1836, he noticed, on looking at the Moon through a tele- 
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scope during the annularity, that * the circiunference waB 
tinged with a reddish purple colour which extended over the 
whole disc, but increased in density of colour according to 
the proximity to the centre, so as to be in that part nearly 
black/ It is obvious that this appearance could last but a 
few seconds, since the moment the axis of the shadow-cone 
was turned appreciably away from the observer (and the 
vertex of the cone travels fully twenty miles per minute), he 
would be looking through the cone's aides. The following 
passage from Klein's Sonnensyatem describes the whole 
phenomenon precisely in accordance with this view : ' Bei 
der ringformigen J^instemiss, am 30. October, 1864, sah 
Mouchez zu San Catharina in Brasilien, im Augenblicke aln 
die Scheiben von Sonne und Mond concentrisch waren, das 
Centrum des Mondes vollig dunkel, aber von hieraus gegen 
dem Band nahm die Helligkeit regelmassig zu und letzterer 
erschien heller, oder doch wenigstens eben so hell, als das 
aschgraue Licht der Mondsichel, kurze Zeit vor oder nach 
dem Neumonde. Die ganze Erscheinung verschwand und 
die Mondscheibe war gleichformig dunkel, als der leuch- 
tende Bing gerissen und die Mitte der Finstemiss voriiber 
war.' 

Taking the corona to be a solar appendage, it is clear that 
even in total eclipses a somewhat similar appearance might 
be looked for, the outer parts of the Moon's disc during 
central totality seeming brighter than the centre, because 
the atmosphere between us and those parts would be more 
fully lighted up by the 'corona. I find, accordingly, that M. 
Tissel, observing the total eclipse of 1733 at Skepshat, in 
Sweden, saw the Moon's surface brighter, at the margin, and 
black towards the middle. We see from this most clearly 
that the atmospheric glare in this region is very much fainter 
than the corona ; for, except on a very close examination, the 
Moon's disc, though the glare appear:! over a part of it during 
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the totality, seems abeolutely black, and is so rendered in 
photographs. 

But further, if the views expressed above are correct, it 
ought to be possible, under fiEivourable circumstances, to see 
the Moon's fece by reflected earth-light. I find that Bigenis 
Vassenius, during the remarkable total eclipse of 1733, using 
a telescope of 21 feet focal length, perceived the principal 
spot« on the Moon during the total obscuration {Phil. Trann. 
1733, p. 135). Ferrer also saw the spots on the Moon's sur- 
face very plainly during the total solar eclipse of 1806. 

Yet again, if the apparent blackness of the Moon's dine 
results from the fieu^t that the coronal light is beyond the 
Moon, and so forms the background on which she is projected,* 
two phenomena might be expected to be visible under 
favourable circumstances. First, the entire outline of the 
Moon's disc ought to be visible in partial eclipses, or before 
and after totality; and secondly, the corona ought to >>e 
visible at such times, and also during annular eclipses. I 
find that the former phenomenon, which corresponds in reality 
to the visibility of the corona (since were there no corona 
the Moon's limb could not appear dark where it crosse<l the 
Sun), has been frequently noticed ; it has, in fEict, been an 
often recognised as looked for. The visibility of the corona^ 
when the Sun is not totally eclipsed, has also been m fn^ 
quently recognised that it is hardly worth while to mention 
instances in point.f But I may quote, as very remarkable, 

* The £ut that the diac of Venus appean blacker than the luiTriundir:^ nky 
when she is in superior conjunction, can only be explained bj Mupp«ifiinK tbi-n- 
is some light beyond Venus. What can that light be but a nolar appendage ? 

t Arago has founded on the visibility of the corona while a portion of the 
Sun is yet nnedipsed, a calculation of the ratio in which the coronal light ezcc^'dii 
that of the atmospheric glare then undoubtedly present. That the cor^jna iH 
brighter than the atmospheric glare caused by a portion of the diroi't s'jUr 
light undoubtedly follows from the risibility of the corfjiia under such cir> 
cumstances; but Arago*s mode of tn^ting the problem is ntA, exa<rt. He 
makes the atmospheric glare proportional to the portion of the loUr disc 
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of the existence of a solar appendage adequate to produce 
the observed appearances. 

And first let us consider the zodiacal light. We know that 
even in our latitudes this phenomenon often exhibits a re- 
markable degree of luminosity towards the horizon and near 
the core of the gleam (so to speak). But in tropical 
countries the brightness of the zodiacal light is much more 
striking, and is seen to grow visibly greater in the Sun's 
neighbourhood. At heights of from 8,000 to 12,000 feet in 
tropical climates, says Humboldt, the zodiacal light is Been 
of a brightness exceeding that of the Milky Way between 
Aquila and Cygnus. And obviously if we could trace the 
zodiacal light up to the solar limb, we should see it shining 
with a glory far exceeding that which it shows even in tropical 
countries. For we know that the brightest part there seen 
belongs still but to the outskirts of the object.* 

* I ought, perhaps, to show reason for regarding the zodiacal li^ht ah a 
solar appendage, notwithstanding Dr. Balfour St('wart*8 recent suggcKtion tlint 
it may be a terrestrial phenomenon. But in reality there can be no doubt 
whatever that the zodiacal light cannot be a phenomenon aHSocintcd in any way 
with our atmosphere. Doubtless Dr. Stewart, whose mathematical attainments 
are well known, must have directed his attention too exclusively to the physical 
requirements of his theory, or he would not have overlookecl obvious mathema- 
tical objections against it. The portion of the rKurn-trade region above the 
horiaon of any place is clearly a lamina shapiKl like a watch glass (slightly 
convex, see fig. 8), and the whole of this should be illuminated by electrical 
discharges excited in the way he suggests. We may, in fact, see in this an 
explanation of the familiar phosphorescence eoon sfjmetimes to cover the whole 
heavens (which gives the same spectrum a« the aurora and zodiacal light) ; and 
even though at times, or even commonly, only a portion of this lamina should 
be so illuminated, no reason can be shown why that portion should always be 
an inclined tongue-shaped slip, as it should be, to accouut for the zodiacal light 
in our latitudes. It is hardly neoeasary, however, to point out to the nstrono- 
mtcal reader that a light which exhibits no parallactic displacement, which 
varies in position for different latitudes according to the laws affecting the 
celestial bodies, which rises and sets according to the same laws, and which 
lastly affects the neighbourhood of the ecliptic, cannot by any possibility belong 
to the £arth'a atmosphere. The zodiacal light tnij^kt be explained as due to a 
ring of matter surrounding the Earth, at a distance nearly equalling the Moon's, 
and traTelling (as such a ring would) nearly in the plane of the ecliptic. 
Such an ezpUuiation was indeed put forward in 1856 by Prof. Heii. But the 
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Hence we should expect to find precisely such a glow of 
light round the Sun in total solar eclipses as we actually 
do see. 

Again, from what we now know respecting meteors, we may 
derive abundant evidence in favour of the view that count- 
less myriads of these bodies must always lie in the Sun's 
neighbourhood. For though, while the meteoric orbits were 
supposed circular, there was nothing very surprising in the 
fact that the Earth encountered more than a hundred meteor 
systems (because the zone of such systems seemed to lie close 
by the Earth's orbit), yet now we know how eccentric the 
meteoric orbits really are, we recognise the fact that ante- 
cedent probabilities would be wholly against the Earth's 
encountering even one such system, were there not many 
millions of them. And since she encounters more than a hun- 
dred, we conclude that there must be millions on millions of 
such systems having their perihelia within the Earth's orbit. 
These uncounted systems ought to become viflible during a 
total eclipse, sinoe their dispersed members would lie in all 
directions round the Sun. Those meteoric flights also which 
were near him (and many must pass very near to him) would 
shine with a light whose brilliancy would go far to make up 
for the extreme relative minuteness of the individual meteors. 
Since near the Sun's disc the line of sight would be directed 
through a range of many millions of miles over which such 
meteors must be freely distributed, while along some 200 
millions of miles in this direction meteors must be scattered 

phenomena of the zodiAcal light are much better explained by the theoiy that 
it is due to a solar appendage, even if we admit that the light sometimes ex- 
tends from the eantem to the western horizon. But while Heis* theory, with 
orerwhelming probabilities against it, has some points in its favour, the theory 
that the zodiacal light is an atmospheric phenomenon, is absolutely untenable. 
If anything could render the theory more strikingly opposed to obserration 
than it is, it would be those occasional peculiarities of the zodiacal light which 
have been thought by some to favour the theory. These peculiarities simply 
add new difficulties to others already overwhelming. 
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more or less richly, one can recognise the reason of the bright- 
ness of the corona near the chromatosphere. 

Further, we know from the researches of Leverrier that 
there must exist continually in the Sun's neighbourhood a 
quantity of matter suflBciently important to affect the motion 
of the perihelion of Mercury. A few relatively considerable 
planets (as large, say, as the asteroids) might effect the ob- 
served changes ; but far more probably a multitude of minute 
bodies may be held to be in question. Now the constant 
presence of meteors in the Sun's neighbourhood would pro- 
duce the observed results, even though the individual meteors 
might remain but a brief time in the Sun's neighbourhood, 
to pass away presently on orbits whose aphelia might lie far 
beyond the orbits of the major planets. 

Further, Mr. Baxendell has shown that certain peculiarities 
of magnetic and thermal change seem to point very deci- 
sively to the existence of a solar appendage holding the 
position which the corona, regarded as solar, seems to occupy. 
I have had the pleasure of discussing with him many of 
the relations considered above, and I find that there is 
nothing in his valuable meteorological researches which 
opposes itself to that particular view of the corona which I 
have advocated above, while his main result (which I hold 
to be of extreme importance) supplies an obvious argument 
in fiivour of that view. 

Lastly, there are certain peculiarities in the aspect of the 
corona which seem only explicable on the theory above 
enunciated. Such are those radiations which are not at 
right angles to the Sun's limb; the phenomenon, of loops of 
light in the corona with their concavity directed towards 
the Sun ; the strange appearance resembling a hank of thread 
in disorder, seen by Arago in 1842 ; and other peculiarities 
too numerous to specify. 

I know not of any phenomena which oppose themselves 
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to the view here put forward, though I have carefully sought 
for such. 

The spectroscopic analysis of the corona has not hitherto 
been altogether satisfactory, so that it may hardly be well 
to lay much stress upon it. It accords very satisfactorily, 
however, with the above theory. There would be a large 
quantity of reflected solar light in the corona, but there 
would also be much light from incandescent meteors, since 
those which came within a million miles, or so, of the Sun 
would undoubtedly be raised to a white heat. Some of the 
meteors would, in all probability, be vapourised, and so a 
portion of the light they supply would give a bright line spec- 
trum, though probably of extreme faintness. The observed 
association between meteors and comets suggests obvious 
considerations in explanation of the peculiarities which 
characterise the spectrum of the corona. If the great comet 
of 1843, which passed within 65,000 miles of the Sun, has, 
like Tempel's comet, a train of meteoric bodies following in its 
track, these must be vapourised in the Sun's neighbourhood. 

The contradictory evidence afforded by the polariscope is 
also obviously accounted for by the theory I have here advo- 
cated, even if it may not be said of itself to force upon us 
the belief that the light of the corona is of that mixed 
kind which could scarcely result but in the way specified in 
that theory. 

It would be desirable that measiures should be adopted to 
insure the application of effective modes of observation 
during the very brief interval of total obscuration. I thin 
the Astronomical Society might with advantage appoint r 
committee to consider whether novel appliances and metho<^^^ 
might not be employed to good purpose. The points I n 
proceed to touch on are so simple that some apology m 
perhaps, be needed for bringing them under the notice of 
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Society ; but if they should lead practised observers to make 
really important suggestions, my purpose will have been 
fulfilled. 

In the first place, I would remark that obser\*ations 
specially directed to prove that the corona is a solar append- 
age would, in my opinion, be a complete waste of time and 
skill. It would be a misfortune — nav, it would even be in 
a sense discreditable — to astronomy, if the attention of ol)- 
servers should be directed to the solution of a ([uestiou which 
has been practically solved durinjj^ former eclipses. Unless 
the most obvious considerations of mathematics and optics 
are to be entirely neglected, the position of the corona as a 
solar appendage must be regarded as establislied, and all 
observations made with the object of confirming or disprov- 
ing the matter, as simply futile. 

But if we must travel over old paths, in order to make 
plain that which is already demonstrated, there are a frw 
modes of ol)8ervation which may \)e suggested as likoly to 
give significant, however unnecessary, evidence. 

If an observer were to confine his whole attention to the 
lunar disc during the eclipse, having a telescope with well- 
adjusted clock movement, and a field somewhat less than 
that of the full Moon, he would be able to recognise the 
following striking proofs of the real way in which th«.* glare 
of the atmosphere varies during an eclipse. He would M'«*, 
as the total phase approached, the atmosplieric glare ov^t 
the Moon^s face gradually diminished, and then what n- 
mained of actual glare from direct solar niys sweeping rapidly 
across the &Lce of the Moon and leaving her disc relativ(*ly 
dark. But in a few moments the observer would In* ahl«r(iii 
fiivourable atmospheric circumstances; to recogiiiM^ tin* H{HitH 
on the lunar surface. 

If an observer were to limit his attention to the Moon's 
disc during totality, keeping his ^'Ves in darkness until Wu- 
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commencement of totality was announced by those aroimd 
him, he would be certainly able to see the lunar spots, unless 
atmospheric conditions were very unfavourable indeed. 

Attention might be directed to the shape and motions of 
the dark region of the sky surrounding the corona ; and 
such observations would not be so complete a waste of time 
as those last considered, since it is evident that important 
information might be gathered from them respecting the 
height of the atmosphere. Such information would be in 
many respects more trustworthy than that which has been 
derived from the position, shape, and motions of the cre- 
puscular curve. 

But a mode of observation which I would advocate with 
great earnestness, is the simple applicatfon of telescopic 
power to determine, if possible, the structure of the corona. 
I have no doubt that this structure is continually changing ; 
]>ut most valuable information might be gained from a care- 
ful study of the position of the coronal beams at the time, 
and of those singularly complex hanks and streamers which 
have been already noticed by astronomers. The use of a 
telescope of low magnifying power, but of first-rate definition, 
a comet eye-piece being employed, would be desirable in 
thus studying the corona. The telescope should be accu- 
rately driven by clockwork, and a dark iris-disc, if I may 
so describe an arrangement which would be the converse of 
an iris diaphragm, might be employed with advantage to 
hide the light of the prominences and chromatosphere. If 
the field of view were several degrees in diameter, and the 
dark disc at the beginning of totality concealed a circular 
space extending a degree or so beyond the eclipsed sun, the 
observer might first examine with great advantage the outer 
parts of the corona, and gradually extend his scrutiny to the 
very neighbourhood of the prominences. Supposing his eyes 
had been kept in darkness before totality began, he would 
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be able to gftin such an insight into the real stroctnre of the 
corona as has never yet been obtained by astronomers. 

As r^;aids the spectroscopic and polariscopic analysis of the 
corona I shall say little. It would obviously be most desir- 
able that Dr. Huggins, Mr. Lockyer, and those astronomers 
whose attention has been practically directed to researches 
of this sort, should give careful consideration to the question 
how the short interval of totality may best be employed, 
and that they should make their views public as early as 
possible* To one point, however, I shall venture to direct 
the attention of observers. It seems to me most important 
that every observer proposing to take part in applying such 
delicate light-tests to the corona, should prepare for the 
observations he is to make by keeping his eyes in darkness 
as nearly complete as possible for some time before totality 
commences ; and, further, where different parts of the corona 
are to be examined, the fEunter parts should be first dealt 
with. 

If the search for an intra-Mercurial planet is to be renewed 
with any chance of success, there can be little doubt that 
the telescopist must keep the corona, or at least its brightest 
portions, out of the field of view. A telescope specially con- 
structed for the purpose, having a motion carrying the tube 
conically round a mean position might easily be devised ; 
and with such an instrument one might conveniently sweep 
the Sun's neighbourhood all round the limits of the corona, 
for Vulcan and perhaps a train of attendant Cyclopes. Rut 
a telescope of low power, with a comet eye-piece, and a 
diaphragm concealing the brighter part of the corona, would 
probably be quite as effective. 

For this class of observation also it would be very advan- 
tageous that the eyes should be kept in darkness for some 
time before totality commenced. 

Are observers to be found who would be ready to forego 

o 
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the opportunity of witnessing one of the grandest of all 
natural phenomena, of watching the gathering shadows, of 
beholding the wonderful transformation of the face of nature, 
the weird and unearthly aspect of all things round them, 
and the strange beauty of the solar corona of glory, in order 
that they may devote all their observing energies during two 
short minutes to important, but severally uninteresting, phe- 
nomena ? We know that, so far as the period of totality is 
concerned, such a sacrifice has already been made by De La 
Rue and Tennant, by Secchi, Janssen, Captain Herschel, 
Young, and a number of other lovers of science ; but no 
observer has yet foregone the whole spectacle of a total 
eclipse for the sake of the dull, dry details of scientific 
observation. 

Monthit/ Notices of the Royal Aitronamical Society for March 1870. 
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FURTHER REMARKS ON THE CORONA. 

At the meeting of the Astronomical Society in April 1870, 
Dr. Gould, of America, indicated his belief that the 
trapezoidal corona seen by himself and other observers during 
the progress of the American eclipse was in fact but the 
chromatosphere seen under unusually favourable circum- 
stances. He added, that the light outside that four-cornered 
corona appeared to shift in position, and hence he concluded 
that it was terrestrial. 

It seems to me that, if this view be admitted, the difficulty 
pointed out by Mr. Lockyer in the case of the corona con- 
sidered generally, exists in scarcely diminished extent in the 
case of this trapezoidal appendage also. Estimated by most 
of the observers as extending fully 12^ from the disc of the 
eclipsed Sim, its real depth would be far more than 320,000 * 
miles, and the pressure even at the summits of the highest 
prominences would be enormous. 

We gain nothing, then, by Dr. Gould's supposition; 
though of course that does not prove it to be erroneous. But 
Dr. Curtis (whose successful photographs appear in Com- 
modore Sands's reports of the total eclipse) remarks that he 
has read Dr. Gould's statements respecting the eclipse with 
considerable surprise* After referring to the photographic 

, ♦ Even in Mr. Whipple's photograph it has an extent of fully 6', which would 
correspond to more than 160,000 miles, or 80,000 miles above the highest 
prominences yet seen. 

o 2 
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evidence, he addj», ^ Dr. Gould mddaces as an additional argu- 
ment in favour of his assumption the observation that the 
long coronal beams appeared to him to be ^ variable,' while 
the ^aureole' photographed was evidently < constant ' during 
the time of totality. This argument, however, loses some of 
its force when it b remembered that to other observers the 
crorona appeared to the eye absolutely unchangeable, both in 
form and position, during the whole period of the total ob- 
s»curation.' He goes on to indicate the probability that Dr. 
Gould has mistaken a photographic effect for a real pheno- 
menon, in this case, precisely as when he interpreted the 
apparent encroachment of the bases of the prominences on 
tlie Moon (a dark-room phenomenon, as Curtis shows) to 
^ specular reflection ' at the Moon's sur&ce. 

I must confess that, after a veiy careful study of the whole 
series of American observations. Dr. Gould's view appears to 
ine to be altogether disposed of by the concurrent testimony 
of so many and such skilful observers. 

One striking, and as yet unnoticed, piece of evidence 

exists in General Myers' report of the appearance of the 

corona as seen from the simimit of White Top Mountain, 

5,530 feet above the sea-level. Here the same quadrangular 

aspect was observed as at lower levels (and in Whipple's 

photograph), but the rays were much longer. ' The silvery 

rays,' he says, ' were longest and most prominent at four 

points of the circumference — two upon the upper, and two 

upon the lower portion — apparently equidistant frx>m each 

other, and at about the junctions of the quadrants designated 

as *^ limbs," giving the spectacle a quadrilateral shape.' He 

remarks that these silvery rays were * straight and massive," 

and extended ^ to a distance of two or three diameters of th< 

lunar disc.' He adds, * There was no motion of the rays.' 

It seems impossible to mistake the significance of th< 

obser\'ation8. 
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In the preceding paper on the corona and zodiacal light, 
I dealt specially with the theory that the corona is due to tlu* 
illumination of the earth's atmosphere by light not affected 
* by any action at the Moon.' Many of the arguments, how- 
ever, apply equally well on the supposition that there is such 
action. The striking fact that at the time of central eclipse; 
the cone within our atmosphere bounded by lines from the 
observer's eye to the Moon's limb, contains no light, while 
the cylinder within our atmosphere bounded by lines from 
the Sun's limb to (and produced beyond) the Moon's, contains 
much light, affords, I take it, absolutely convincing evidence 
that this light is derived from an object £eu: beyond the Moon. 
For if we suppose the solar rays to get by any process within 
the cylinder, they should clearly traverse the cone also. For 
example, assuming that a solar ray passing by the Moou^k 
edge is deflected (by whatever cause) so as to fall within that 
cylinder, into which (from its very nature) undeflectifd 
rays cannot pass, the deflection, in order to account for 
observed appearances, must carry the illumination of our 
atmosphere up to the above-mentioned cone, and there sud- 
denly the illumination must cease. But the cone has no 
existence in nature ; it is but a mathematical conception : 
why then should these deflected rays respect it ? * 

Even La Hire's theory, which De Lisle is supposed to hav<; 
overthrown, seems more easily supported than one whir;h 
requires a moving shadow-cylinder of air to be illuminat^MJ, 
while a fixed cone {not a shadow cone) within it remains in 
darkness. 

It seems much more natural to regard the darkness of t li/« 
lunar disc, and the relative brightness of the corona, as diw 

* lir. Lodkjcr tails me that M. Faje txprawly »a«^e*U tbftt tb^^re if f/r^i 
action at the Xoob, and that, according to hit and M. Faje • th^orj, it ia thtji 
the atmoaphm geta illcminatcd. What tba untnrt of the mnt'um mmy U t 
have not yet heaid, nor can I eonceire of anj wbiefa would aocoonf , hovev r 
roof hly, liar dbacnned £Kta. 



198 ASTRONOMICAL ESSAYS. 

simply to the fact that the Moon is an opaque body very 
much nearer to us than the corona. 

Let me renew my statement that it is the importance of 
the approaching eclipse which forces me to urge now views 
which I have long entertained. It appears to me that if, as 
I hold to be the case, the evidence respecting the corona is 
amply sufficient to prove it to be a solar appendage, then it 
would be a serious misfortune if any observers were to devote 
their time to establishing this fact. Instead of this, I should 
l>e glad to see every moment of the short duration of totality 
devoted both by general observers and spectroscopists to the 
inquiry what sort of a solar appendage the corona may be. 
On this inquiry depend issues of the utmost interest and 
importance to science ; the other would be a waste of time : 
on one question we have abundant evidence ; on the other 
(to quote the just words of Professor Pritchard), ^wise 
astronomers profess their profound ignorance.* 

MmMy yotka of tkt RopU Aitr^momieti Society, October 1870. 
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NOTE ON OUDEMANN'S THEORY OF THE 
CORONAL RADIATIONS. 

The papers read at the meeting of the Astronomical Society, 
in March 1871, on the subject of the recent eclipse were so 
fall of interest that it seemed desirable not to prolong a dis* 
cussion which was raised respecting Oudemann's theory of 
the coronal beams. But as some of the results which the 
eclipse observers obtained would appear to be invalidated if 
certain points of Oudemann's theory were admitted, I venture 
briefly to note two objections of which the second at least 
seems decisive against those points. 

Admitting, with Oudemann, the probability that the 
inter-planetary spaces are occupied, to distances from the 
Sun &r exceeding the radius of the Earth's orbit, by matter 
capable of reflecting a certain proportion of light, it yet 
appears improbable that the whole quantity of such matter 
within a distance from the Earth equal to the radius of the 
Moon's orbit could reflect an appreciable quantity of light. 
It seems exceedingly imlikely that under such circumstances 
the sky towards the meridian at night would remain to all 
appearance dark, while yet, according to Oudemann's view, 
the sky towards the Moon's place during total eclipse would 
be appreciably illuminated. It is undoubtedly true, as was 
pointed out by Professor Adams, that some substances (black 
cloth or velvet for instance) are rendered visible by rayH 
falling obliquely, whereas rays fisdling square to their surfstco 
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are absorbed. But certainly all the forms of non-luminous 
matter whicli we know of as tenanting the interplanetary 
spaces, would be better seen when placed as planets are 
when in opposition than as planets are when near inferior 
<!ODJ unction. I need not point out why this is, or that it is 
not so much a question of the reflective capacity of the 
particles themselves as of the proportion of their illuminated 
surface which is turned towards the Earth. Certainly m 
group of minute meteors near the Moon^s place when sihe is 
full would send us much more light than the same group 
near the Moon's place when she is new. 

But quite apart from this, there is an argument which 
appears to me to render Oudemann's reasoning altogether 
inadmissible. Assuming that the quantity of illuminated 
matter lying on this side of the Moon during total eclipse 
would by itself be appreciable, yet the much greater depth of 
the same matter lying beyond the Moon (and as well placed 
for the oblique illumination required) would be enormously 
greater, and would also be illuminated &i more brightly. If 
a depth of 250,000 miles, full of such matter as Oudemann^s 
theory requires, could give a certain quantity C of light, the 
ten millions of miles next beyond and towards the same direc- 
tion would undoubtedly give more than the quantity 40 C 
of light, and the remaining eighty millions of miles lying 
yet further beyond, towards the neighbourhood of the Sun 
himself, would give a quantity of light which would even 
render this last-named quantity wholly inappreciable. 

This is further illustrated by fig. 11, in which em repre- 
sents the minute portion of &intly illuminated matter between 
the Earth and Moon, m^ the large portion of more highly 
illuminated matter lying beyond the Moon, towards, up to, 
and beyond the Sun's place. 

It is to be remembered that Oudemann's theory, or rathei 
that special part of it which relates to the coronal beams^^ 
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■wis orgcd to explain the supposed mobility of the beams, an 
seen by Dr. Gould ; and that all the other American 
observers in 1869 considered that the beams were stationan-. 




Fio. 1 1. — niastrkting Ondenuiui'i Tlieorj of tha Cun>iis. 

And forUier, it should be noticed that a single observation 
of the fixity of coronal rays (as, foi instance, Bruhn's 
oiMervation in 1860) is more convincing than any number of 
observations of apparent motion. For, seen as the beams 
must needs be (if beyond our atmosphere) through a medium 
whose condition is probably very variable during a total 
eclipse, we can readily understand that their aspect should 
sometimes seem to vary, or even that they should appear and 
disappear under the observer's eyes. But the fixity of a 
coronal beam cannot so be explained away ; and those who 
are &miliar with the history of eclipse observations are 
aware that many of the positive observations of this sort are 
unexceptionable. 

Now the great V-shaped gap in the corona of December 
1870 (fig. 12; see also figs. 13 and 14, p. 211) was visible at 
widely separated stations ; it is clearly reci^nisahle in a 
photograph taken by the American observers in Spain ; and 
it remained unchanged during the whole of totality.* A 
positive observation like this, relating to an object extending 

■ Sinoe thii wu written I have bad the opportuniLy of einminiag the beal 
of Mr. Biothers'i photogreph* (uken Rt SyracuHo). Thii view, No. S of his nerim. 
far tnrpaning all othar pietorri of the coroDS in interest and ralae, ihowH thi> 
V-ihsped gap oppoeitetlieaonth.eaatern quadrant ID an uDiniBlakable manntr. 
Indeed the gap )• tlie moat atiiking feature in the photograph. This dispoeeit 
of.tlieqr-^'-- 
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to a great distance (nearly half a degree) from the Moon's 
limb, seems altogether unmistakable in its import. When 
it is added that the bright inner corona was perceptibly 
depressed where this V-shaped gap existed, results of very 
great interest are suggested. 

Do not the observations made in December 1870 strongly 
support the view urged a year ago by many (myself among 
the number) that the corona is a solar aurora ? If the action 
of the radial solar forces which geTierate this aurora be 




Fio. 12. — Lieut. Brown's drawing of the inner and outer Coronas (i f and b b') 

during the &lipse of December 1870. 

supposed only to he more energetic over the spot-zone^ and 
specially over the regions where spots aMuaUy eadst, we 
should not only have an explanation of the so often noticed 
trapezoidal form of the corona, but also a suggested 
explanation of the observed association between the Sun- 
spot period and terrestrial auroras. 

Monthly Notices of the Boyal Astronomical Society for January 1871. 
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NOTE ON THE CORONA. 

A TEAB since, I had occasion to address the Astronomical 
Society on the subject of the corona. I then pointed out that 
no direct sunlight can illuminate the part of our atmosphere 
which lies towards and around the Moon's place ; and the pur- 
pose with which I wrote was simply that the views I dealt with 
might be withdrawn from public attention. At that time it 
seemed to me, on the one hand, very unsafe to theorize about 
the actual constitution of the corona; but, on the other 
hand, it seemed demonstrable that the corona is a solar 
appendage. At present we are, I think, more favourably 
circumstanced ; more especially on account of those photo- 
graphic successes with which astronomers — as well workers 
as thinkers — have such good reason to be satisfied. 

I propose to place before the April meeting of the Society 
certain views to which, as I think, the recent observations 
seem to point. At present, however, my object is merely to 
note what I take to be by fiEur the most important contribu- 
tion to our knowledge respecting the corona. I cannot 
regard the differentiation of the corona into two portions * 

* I would sabmit that the word 'defined* applied in the Report of thn 
Coaneil to the outline of the inner part of the corona, requires to be modified 
or explained ; for undoubtedly the inner corona waa not bounded by wbut in 
Qsnalljr undezitood as a defined outline. The border of this part of the cortmn 
showed a rapid but not sudden degradation of brilliancy, haying a perfectly soft 
outline, nowhere sharply defined. I renture, while there is yet time, to urg<; 
the adoption of oonyenient and expressire names for the phenomena presented 
during solar edipsee. 

The word photosphere serres a rery useful purpose, and I do not know that 
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as an acquisition, simply because for more than a century 
and a half the distinction had been recognised by astro- 
nomers. Nor can I attach any signal importance to the 
proof afforded by recent observations that the corona has a 
great extension from the sun ; nor to the confirmation of the 
long-disputed American observations; because both these 
points were in effect established before the eclipse took 
place. 

The great result of the recent eclipse observations will be 
found, unless I mistake, to lie in the association now shown 
to exist between the configuration of the inner and brighter 

any other oould be doTised which would be nearly to tnitable. Bat to the 
Damee cknmuttphere and Uucotpkere there are grave objections. 

In the first place, the relation between the prominences and the layer of 
coloured matter at a lower level is snch as .to render the term Sierra employed 
by those who discovered the layer altogether more appropriate than snch a 
word as Chromosphere. Secondly, the name Chromosphere implies that the 
oolonred layer forms a spherical envelope, which the irregalarity of its soA- 
ciently well-defined outline shows not to be the case. Thirdly, the word is 
not properly formed, CkromtUotphert being, I apprehend, the correct form. 

The objections to the word Leuoo»phert are even greater. Such a word could 
not possibly be employed in descriptive astronomy without explanatory notsa. 
And further it can scarcely be considered appropriate. For XcMc^t mettns 
white, and r^cujpa means sphere; but the inner corona, when seen under 
favourable conditions, has not appeared white, and certainly it is not apherieal. 
Furthermore, grave doubts exist whether the implied distinction between the 
inner and outer parts of the corona is more than apparent. It may be added 
that in all other combinations of the kind^as atmotphere, phoiospken, and ao 
un — {hemisphere belongs to another class) the first word of the compound is a 
Hubstantive. There seems a valid objection to a change of plan in this 
respect. 

But the great objection against both Leucosphere and Chromosphere oonsista 
in the utter unfitness of either for the purposes of descriptive writing. In 
this respect they differ wholly from the word Photosphere, which refers to a 
relation not likely to enter into descriptive passages ; but objects sneh aa those 
for which the names Chromosphere and Leucosphere have been tuggested 
require expressive names. I can see no reason why the fine woid Sierras- 
should not be restored to its place in our books of astronomy ; nor why, if ifc:^ 
chall appear that a real distinction exists • between the brighter and fkinff* 
parts of the corona, the former should not be called (as already by Schellei^ 
find Seochi) the corona and the latter the glory. Or else Profeeeor Airy*« 
mode of describing them might well be adopted, and one called the rM^- 
formed corona^ the other tlio radiated corona* 
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portion of the corona and its outer and more strikingly 
radiated portion. This is shown unmistakably by a com- 
parison of the drawing of Lieut. Brown, fig. 12, p. 202, 
with the photi^raphs of Mr. Willard and Mr. Brothers, 
figs. 13 and 14, p. 211. It was indeed strikingly evi- 
denced during the eclipse of 1869, but not absolutely dt>- 
monstrated. It seems to me a fact of the utmost imports 
ance and significance ; more especially when combined with 
the seemingly established relations between the regions of 
greatest prominence-disturbance and the expansions of th(^ 
inner part of the corona, and with that other relation which 
associates the spot-zones with the larger and more active 
prominences. 

It might seem at first sight that the long radiations oppo- 
site the bright parts of the inner corona could be explained 
as due to the illumination of our own atmosphere in corre- 
sponding directions. But the simple consideration of tho 
way in which our atmosphere is illuminated by the corona 
will show that no radiations extending outwards could mak(* 
their appearance without corresponding expansion on either 
side, and a yet more marked extension inwards over the 
Moon's disk.* The uniformity of the light over the MoouV 
disk, its fjEuntness, and especially its observed inferiority to 
that received 15' from the Moon's limb, would sufiice to ihih 
prove the imagined explanation, which is also, howevr«r, 
opposed to the simplest optical considerations. 

* It was with much pleacnre that I heard Mr. BrtAhtm rtntl at th«! ImI 
meeting a letter from Dr. Balfour Stewart, in which Tiew* w«re tipri!iw<Ki |ir«" 
cisely eimilar to thoee ahore emiDctated. Id the aame letur Vr. Ht«w«rt fy/irit«;il 
oat (as I had shown in the Momtkly Notices if/r Mairh 1870), that ihttutfii our 
atmosphere towards the Moon's place is nndr/abu^'Jlj illumirmt^rj \,y ji|f)|i 
from the prominenoes, sierra, and inner tfrnm^, ytt thHt th« quantity «/f U^y 
reeeiTed in this way can bear no higher proportion U» ih* a/»tu»l liKht t4 tU* 
corona and promiBenoes than the atacjepheric gUr«» in full wttUidbi l^«»r* u, 
such sunlight. It has been this aigoBent— aUkilut^ly dem//r»«timtir«, d#ftp«f .. 
its extreme siniplidt J — which has eaoMd me U/r nmny ny^nths fm^i (// U*i 
complete eertaiotj rei^wcting tJLe gencxml natore 'A the c/f '/t^. 



20G ASTRONOMICAL ESSAYS. 

. I conceive we have now clear evidence of a form of action 
— but whether eruptive, electrical, or simply repulsive, is not 
as yet obvious — exerted outwards to enormous distances by 
the sun, and with maximum energy over the spot-zones, but 
local, variable, and probably intermittent. 

Monthly Notices of the Rnyal Astronomical Society for March 1871. 
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ON THE SHALLOWNESS OF THE REAL SOLAR 

ATMOSPHERE. 

In my treatise on the Sun I have pointed out at page 192 
that the conspicuous nature of the darkening of the disc 
near the edge is a proof of the shallowness of the superin- 
cumbent atmosphere, and not, as is commonly stated, of that 
atmosphere^s being enormously deep. And at p. 295 I in- 
dicate reasons for believing that the method by which the 
prominences and sierra have been studied when the Sun is 
not eclipsed, is not capable (save under highly exceptional 
conditions) of exhibiting the existence of the true solar 
atmosphere — ^that atmosphere, to wit, which causes the dark 
lines in the solar spectrum. 

It will be known to all who read this communication that 
Professor Young of America, and Mr. Pye, independently 
recognised the existence of a highly complex atmosphere 
close by the solar photosphere. The slit of a spectroscope 
being placed tangentially to the limb, at the place where 
second contact was to occur, the spectroscopic field at the 
moment of totality and for several seconds after, was seen to 
be full of bright lines, ' every non-atmospheric line of the 
solar spectrum showing bright.' 

The accuracy of this observation has been called in ques- 
tion. It is urged that the method of observing the un- 
eclipsed Sim should be competent to show these bright lines 
if the supposed atmosphere have a real existence. 
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Now the competence of the last-mentioned method, so far 
as its power of obviating the effects of atmospheric illumina- 
tion is concerned, cannot be questioned. For, indeed, as we 
know, Mr. Lockyer has, on one occasion, seen multitudes of 
the Fraunhofer lines reversed in this way. But because he 
lias on all other occasions &iled, while neither ZoUner, 
Kespighi, nor Young has been favoured even with a single 
view of this sort, it is urged that no such atmosphere can 
exist, or that, at any rate, eclipse observers could have no 
l)etter opportunity of recognising it with the spectroscope 
than those who have studied the uneclipsed sun. I would 
submit that this inference is erroneous, and that in one 
important respect observations made during eclipses have a 
great advantage over observations made when the sun is not 
eclipsed. It has been overlooked, as I opine, by those who 
urge the objection I am considering, that the image of the 
solar limb, whether as viewed in the telescope, or spectro- 
scopically, is formed by the combination of diffraction-images 
of the several points of the real limb ; and therefore (inde- 
pendently of irradiation, which, however, should also be 
taken into account) must needs extend beyond the true 
outline. We can tell, in fact, how great the extension is, 
since we know (experimentally) the dimensions of the diffrac- 
tion-images of luminous points, for given apertures. A 
telescope which would not separate 7* Andromedse, for in- 
stance, would certavnly not be capable of showing (when 
armed with a suitable spectroscope) the bright lines of a 
solar atmosphere whose height subtended but about the fifth 
of a second — that is, of an atmosphere 80 or 90 miles in 
height ; nor probably would it show these bright lines, even 
though the atmosphere were three or four times as high. 

I think, therefore, that we are not justified in rejecting^ 
or even in regarding as inconclusive, the observation madc> 
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by Profeesor Young * and Mr. Pye. The inference would 

clearly be that the sierra cannot in any sense be regarded as 

the true solar atmosphere. Be it noted, also, that the 

evidence here considered is altogether independent of that 

on the strength of which I have been led to assert that in 

all probability the sierra is not of the nature of a solar 

envelope at all, but is made up of multitudes of relatively 

small prominences and of the remains of larger ones. So far 

as I know, the only circumstance on which the theory that 

the sierra is an atmospheric envelope was founded, was the 

supposed smoothness of its outline. This relates to the 

observations which led to the re-discovery of the sierra in 

1868. But telescopic observations by Airy, Leverrier, Secchi, 

and many others in 1847, 1851, 1860, &c., had abundantly 

established the fact that its outline is commonly irregular. 

IZesphigi, in 1868, confirmed this with the spectroscope, and 

the fact is now generally admitted. 

We have, I conceive, no escape from the conclusion that 
tlie prominences and sierra consist of glowing vapour which 
has been flung through the real solar atmosphere, — that 
&t;iQosphere being highly complex and probably existing, 
especially near the photosphere, at an enormous pressure. 
^WHiat that medium is in which the prominences and sierra 
axe seen remains to be shown. 

Monthly Notices of the Royal Astronomical Society for March 1871. 



* This observation was completely confirmed during the eclipse of December 
1871. It should he noticed that the credit of the observation must be assigned 
almost wholly to Prof. Young, since he alone used an analysing spectroscope. 
The integrating spectroscope used by Mr. Pye was adjusted by Prof. Young, 
who also instructed Mr. Pye in its use. 
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THEORETICAL CONSIDERATIONS RESPECTim 

THE CORONA. 

It may be questioned whether we are yet in a poataon to 
theorise safely respecting the corona ; yet I feel that I need 
offer no apolo{;y for entering here upon the analyns of tba 
evidence now available on the subject, with the object of 
determining towards what hypotheses that evidence ftpfwcn 
to tend. Having lately had occasion, while prepaxing ajf 
treatise upon the Sun, to go through the principal xcooiis 
of former eclipses, I shall be able to avoid the ^^■*'^TTft of 
giving undue weight to observations lately made ; — ^tliai ii^ 
of giving them a value founded rather on their xcoentMii 
than on their specific importance. It has always aeemed fo 
me specially necessary, if one would theorise safely, to attadl 
proper weight to all the known facts ; and I have loiiieUaiBfe 
been led to believe that the want of success with wUchyit 
a rule (save in a few highly exceptional cases) ofanrvm 
theorise on their special subjects, is to be looked for ill flu 
fact that their own observations acquire an ezaggented faih 
portance in their minds, the labours of others being nndo^ 
though quit« honestly, underrated. Precisely as the woik iiM 
in some great edifice are not well placed to reoogniaiili 
proportions as a whole, so it must commonly happen that 
the most skilful workers in science are precisely thooe who 
are least fitted to judge of the position to which — by others 
labours and their own — their special subject has attained. 
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Fro. la.— Mr. Willard's photogmph. mken iipm Xeiez. 
Fi«. 14.— Hr. BrothenV phobigmph, mken at »;niciuie. 
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Certainly, there has been much to suggest such considera- 
tions in some recent enunciations of opinion respecting the 
corona. Many of the able spectroscopic workers who have 
dealt with the subject seem to regard spectroscopy as almost 
the only means of attacking the problem ; experts in pola- 
riscopic analysis have at least not undervalued their special 
department of research ; Mr. Brothers is convinced of * the 
pre-eminent use of photography for determining points in 
dispute ;' and some general observers appear to consider the 
two minutes' view they have had of coronal phenomena 
more likely to supply a correct answer to all our questions 
than either spectroscopy, polariscopy, or photography — to 
say nothing of the general observations made by others, or 
of the volimiinous records of former eclipses. 

If we consider what neiv infonriation the recent eclipse 
has brought us, and combine that information with what 
had previously been ascertained, we shall probably have a 
better chance of arriving at satisfactory results than by 
limiting our attention to a few disjointed feu^ts. Fortu- 
nately the attention of those, even, who are least familiar 
with the history of coronal research, need now no longer be 
distracted by any theories tending to explain the corona as a 
phenomenon of our own atmosphere. Men of science are 
now in (practically) unanimous agreement as to the solar 
nature of the corona ; so that we can give our whole atten- 
tion to the much more difficult, and much nobler problem, 
^What is the real nature of this great solar appendage 
which total eclipses reveal to our view?' 

I have long entertained the belief that the solar core: 
is due, in great part, to the existence of millions of me 
teoric systems having their perihelia for the most 



much closer to the Sun than our Earth's orbit. The evi 
dence recently obtained induces me to think that I hav 
somewhat exaggerated the part which must be assigned 
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meteoric systemB in accoimtiDg for coronal phenomena. Of 
course there can be no question about the existence of enor- 
mous numbers of meteoric systems in the position specified. 
It would be utterly unreasonable to suppose that the fifty* 
six meteoric systems recognised by Prof. Alexander Herschel, 
and those others (making up the number to more than a 
himdred) which Heis has recognised, bear any but a most 
minute proportion to the total number having perihelia 
within the Earth's orbit. The laws of probability will not 
permit such an assumption for a moment. Nor can it well 
be doubted that the density of perihelion-distribution 
increases towards the Sim's neighbourhood, in the case of 
meteors, precisely as in the case of comets ; insomuch that 
portions of many meteoric systems would be much more 
intensely illuminated (surface for surface) than our Earth, or 
Venus, or Mercury ; while in many cases myriads of meteors 
near the perihelia of their orbits must be rendered incan- 
descent, if not absolutely vaporised, by the intensity of heat 
to which they are exposed. Even setting this probability 
out of the question, it remains—not a theoretical — but a 
demonstrated fact, that no inconsiderable quantity of light 
must come to us during total eclipse, from meteors lying 
towards the Sun's place and illuminated by his light. 

But although we have thus undoubtedly found a vera 
causa for a portion of the coronal light, yet there are 
phenomena which seem to prove that another and larger 
portion remains unaccounted for. In a former paper I 
have pointed out the most marked peculiarity of the 
sort — the observed association, namely, between the ex- 
pansions and depressions of the inner part of the corona, 
and those far-reaching radiations which form the principal 
feature of the outer corona. This is most strikingly shown 
in the n^^tive of Mr. Brothers's best photograph, and is 
confirmed by Lieutenant Brown's drawings But it is 
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Wfvctbj of notice that during the eclipse of 1869, evidence 
wu obtained which tended almost as strongly to establish 
the same association; and I am disappointed with myself, 
that, though I long and carefully examined the records 
(photographic and otherwise) of that eclipse, this important 
&ct escaped my scrutiny. Now there is another relation, 
scarcely less significant when considered alone, but assuming 
a yet greater importance when combined with the last* 
Wherever the inner portion of the corona is depressed, there 
the eoloured promiDences are wanting and the sierra itself is 
shallow. Profeaor Roscoe, speaking of Hr. Seabroke's maps 
of the prominnices (made before the eclipse), and Professor 
Watstm*} drawing ot the inner corona, says: — 'On com- 
paring^ the two dimwi]^ thus independently made, a most 
intefesczng^ seczcs oC coincideiiccs presented themselves* 
Wherever oa thie lolar disc a large groiqp of prominences 
»en UL Mr. Sadbcoke** mafv lliere a corresponding 
oat *j£ ?he cismaa ww chronicled on Professor 
Wa&wa> drswinip : and at t&e poKdoas where no promi- 
nences pceaenced chemseireiL ^kter^ tbt far^fat portions of 
the eorvoa ezteoded to the smZjesc ^BHfraTrs from the Sim*s 
limbk It of coarse follows^ h^ vsmimmg the two relations, 
that the promineiiees are moft mtauepstm where the corona 
extends fiurthest, a £kC noticed by Mr. Brothers, who tella 
us that throoghoot totality (as ev^jeBCcd bj his photo- 
graphs), there was more coronal ligte «b the west side of 
the Sun than elsewhere, and further* that ^the prominences 
were more numerous on the side wheiv the corona was 
brightest.' * Indeed, on this side there wia seen towards 



* The phoCo^E^ih oT Lofd lindm/t mdm vUdk vw exhibited at the 
January meeting ■eened to shov the rerene. It affaan^ howerer, on a 
carefnl eoDparieoB of that photogiaph vith Hr. ITiKhiii'i aad the American 
one, that in aome aa jet annplaiaed vaj Jjotd LimSmfu haa bam inTerted and 
reversed. The perfect agr eem e n t ai the pmmTiwcw when thia ooxrection 
i% attended 16 learee no doubt that such a miitake h» bam made. 
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the close of the totality a perfect sickle of prominences,— 
according to the account given by Father Secchi. 

Now, the point to be specially attended to here is the 
evidence of vertical disturbance (vertical with reference to 
the Sun's globe) extending to enormous distances firom the 
photosphere. The notion that we have to do with objects of 
the nature of concentric atmospheric shells — advanced (as it 
seems to me) in the first place on very insufficient evidence 
— appears completely negatived. If the inner corona had 
presented no signs of association with the outer corona, we 
might have overlooked the very marked departure of the 
former's outline from concentricity with the Sim's, precisely 
as for several months the irregularity of the sierra! a outline 
was overlooked or forgotten, and the atmospheric-shell 
character ascribed to it (by implication) in the adoption of 
the title chromj(joUi)o8phere. But the observed association 
between the inner corona, and so obviously imshell-like an 
appendage as the outer radiated corona, leaves the shell 
theory, implied by the title leucoepherCj altogether un- 
tenable. We might fairly claim firom an atmospheric shell 
a respectable smoothness of outline, but we can authori* 
tatively claim that it shall not associate itself, even in 
appearance, with a strikingly radiated and gapped ap- 
{)endage. 

But equally the meteoric theory of the corona must be 
abandoned, at least so far as its claims to accoimt for the 
special features of the corona (and therefore for the greater 
part of the coronal light) are concerned. 

We seem to have unmistakable evidence of the action of 
vertical solar forces, or at any rate of forces directed out- 
wards from the Sun's globe — ^though not necessarily exactly 
radial. 

At the outset, the air of improbability which imquestion- 
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ably surrounds this theory,* is to a certain extent removed 
by what we have learned respecting the formation of promi- 
nences. The evidence supplied by Zollner and Bespighi, to 
whose labours in this special department astronomy owes so 
much, suffices to show that prominences, as respects their 
first formation, are phenomena of eruption. For although 
Zollner has divided the prominences into two classes — ^the 
cloud-prominences and the eruption prominences — ^yet he 
in no sense negatives the statement of Respighi, that the 
appearance of prominences is preceded by the formation of a 
rectilinear jet, either vertical or oblique, and very bright and 
well-defined. Respighi adds, that a jet of this sort, * rising 
to a great height, is seen to bend back again, falling towards 
the Sun like the j^ts of our fountains, and presently the 
sinking matter is seen to assume the shape of gigantic trees 
more or less rich in branches and foliage.' 

The velocity with which the gaseous matter of these pro- 
minences must pass the photosphere, in order to reach so 
great a height above it as Respighi has noticed in the case 
of some prominences, is as nearly as possible 200 miles per 
second, even if we neglect all the effects of resistance as the 
erupted gas rushes onward to the highest point of its excur- 
sion. Let this be specially noted. If the highest pro- 
minence yet seen by Respighi was the highest possible, and 
was wholly unforeshortened, we yet have proof of an erup- 
tive action capable of sending out gaseous matter with the 
enormous velocity mentioned above ; and this, be it remem- 
bered, is only the velocity with which the erupted matteir 
crosses the level of the photosphere. Far beneath thafz* 
level, at those depths, for instance, whence Zollner assum 
the prominence-matter to have been erupted, the velocit 
must have been far greater. If we also take into account 

^'It will be known to many of mj readers that the theory is by no meaiw 
a new one. 
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the effect of the lesistance which is undoubtedly encoun- 
tered by the erupted gas during its flight, we have to add 
even more largely to the initial velocity. It is scarcely 
conceivable, all such considerations being duly weighed, that 
the initial velocity can be less than 300 miles per second ; 
and it is Ceut from inconceivable that the initial velocity may 
be two or three times as great. 

So fiu*, be it remembered, we have been dealing with 
known £acts ; and the only way of avoiding the general con- 
clusion above indicated, is by rejecting the supposition that 
prominences are phenomena of eruption. This will scarcely 
be regarded, however, as permissible, in the fsLce of the rea- 
soning of Zollner and Respighi, and the evidence which they 
have adduced in its support. And besides we have inde- 
pendent means of knowing that outside the photosphere 
velocities occur which are comparable with those above 
referred to. I may cite, for instance, the motion of the 
bright points watched by Carrington and Hodgson in 1859, 
as well as the spectroscopic measurements of the velocity 
with which portions of the solar atmosphere are at times 
endowed. 

Now, if velocities such as I have spoken of are produced 
by eruptive action exerted fEur beneath the photosphere, then 
there can be no question that any material erupted with the 
glowing hydrogen, and of considerably greater density, would 
retain, when passing the level of the photosphere, a much 
greater proportion of the velocity initially imparted. F^or 
example, instead of the velocity of 200 miles per second 
with which the matter of Sespighi's great prominence must 
have crossed the photospheric level (to attain its observed 
height), any solid, liquid, or even dense gaseous matter flung 
out with the glowing hydrogen of that prominence, would 
probably retain a velocity of — say — 240 miles per hour. In 
such a case it would reach a height exceeding that indicated by 



218 ASTRONOMICAL ESSAYS. 

the greatest extension of the radiations observed in Decem* 
ber 1870. A velocity (at the photospheric level) only one- 
half greater than this would, indeed, suffice to carry a body 
to a distance from the Sun equalling our Earth's. A velocity 
twice as great as that of the prominence-matter at the photo- 
spheric level, would carry a body for ever away from the Sun, 
never to have its velocity reduced to less than 125 miles* per 
second, even when it had passed away to stelliEur distances. 

But certainly the theory that a large proportion of thd 
coronal light is due to matter erupted from the Sun, is one 
which would require very strong evidence to render it 
acceptable. We have seen that the appearance presented 
by the inner and outer corona and the observed association 
between those regions and the sierra, lead directly to the 
theory that the corona is a phenomenon of eruption ; and 
undoubtedly tins theory is the one naturally suggested by 
the photographic views of the corona in this and the last 
eclipse, as well as by the drawings and descriptions of the 
corona as seen in preceding eclipses. It is impossible, for 
instance, to look either at the drawing made by Mr. Gilmau 
of the eclipse of 1869, or at the very remarkable (and most^ 
strongly attested) picture of the corona as seen during the 
eclipse of 1868 at Mantawaloc-Kekee, without being im- 
pressed with the feeling that we have here pictures of erup- 
tional phenomena. Still, all such natural and obvious 
conclusions are to be regarded by the true' student of science 
with great distrust, and to be analysed with exceeding care, 
the natural senses being of all his faculties those which are 
most likely to lead the theoriser astray. 

* The velocity here spoken of is one of- 400 miles per second; the least 
velocity required to carry a body altogether away fh>m the San, i« at the 
photospheric level, 380 miles (more exactly 379) per second. The Telocity ol 
a body which crossed the photospheric level at the former rate, would at an 

infinite, or practically infinite distance, be reduced to -• (400)*— (3S0)^, or 
about 125 miles per second. 
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It will be well then to inquire whether the somewhat 
startling theory here dealt with is confirmed or disproved 
}^ such tests as we can at present apply to it. 

The first and most obvious test is the examination of the 
photographic records, to see if any signs of the action of 
eruptive forces can be detected in the corona. Here I am 
disposed to lay great stress on the examination of the 
original negative of Mr. Biothers's best picture, Fig. 14, and 
it was with some interest that I availed myself of his kind 
permission to scrutinise it. The evidence it supplies is such 
as none of the positives supply, such as no artist perhaps 
could reproduce. It is such as to suggest in the strongest 
possible manner that the coronal radiations are phenomena 
of eruption. I was pleased to find, when I mentioned this 
new to Mr. Brothers, that Mr. Baxendell, of Manchester, 
had expressed precisely the same opinion of this remarkable 
record.* The appearances referred to are such as to show 
that some pictures of the corona as seen under exceptionally 
favourable conditions, are not, as has been commonly sup- 
posed, altogether idealized and in fact imwarranted, but 
xnerely represent with exaggerated distinctness features 
^v^hich have a real existence. This remark applies, for in- 
stance, to that remarkable drawing by Liais, of the eclipse 
of 1858, a copy of which appears at p. 326 of my treatise on 
"the Sun, as also, though in a less degree (the exaggeration 
T)eing in these instances less marked) to the picture by 
TFeilitsch (p. 330), and that of the corona as seen at Manta- 
i¥aloo-Kekee in 1868 (p. 334). As respects this last eclipse 

* I venture to express here my feeling that it is of the utmost importance 
that the eyidence given by this photograph should be exhibited as fuUj as 
possible — in the report of the eclipse — even though it should appear that 
this oould only be done at considerable cost. The extreme delicacy of details 
ia such that nothing but the perfection of engraving can properly exhibit their 
nature. But I do not hesitate to say that if they can be reproduced they would 
be invaluable, in the present state of our knowledge respecting the corona. 
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I would invite special attention to the account given by 
Mr. Pope Hennessey, who observed at a station near Labuan. 
The luminous ring round the Moon * was composed,* he says, 
*of a multitude of rays quite irregular in length and in 
direction ; from the upper and lower parts they extended 
in bands to a distance of more than twice the diameter of 
the Sun. Other bands appeared to fall towards one side ; 
but there was no regularity, for bands near them fell away 
apparently towards the other side. When I called attention 
to this^ Lieut. Bay said, *' Yes, I see them ; they are like 
horses' tails ; " and they certainly resembled masses of 
luminous hair in complete disorder.' (The reader will be 
reminded here of the appearances resembling hanks of thread 
in disorder, seen during th^ eclipse of 1842.) The account 
is accompanied by a drawing precisely resembling such a 
drawing as I should make if I were to try to represent what 
I saw in Mr. Brothers's negative. 

But now, leaving on one side the peculiar forms of the 
bands and rays, I would note that as to the existence of fine 
rays in the structure of the corona close by the Sun's limb, 
we Imve other evidence of a very striking nature. I refer 
to Mr. Gilman's picture in the report of the eclipse of 1869. 
In the letter from Sir John Herschel, read by Mr. Brothers 
at the March meeting of the Astronomical Society, there occurs 
this passage, referring to Mr. Brothers's photograph : — ' I see ' 
nothing which gives me the idea of rays, or streaky radiation, 
such as appear in Gilman's picture, which, if it could be 
believed, would point to lunar mountains as the origin of the 
dark spaces, and bring the whole phenomenon within the dis- 
tance of the lunar orbit.' Now we have seen that Mr. Brothers's 
negative does show precisely such rays, and furthermore Mr. 
Oilman's narrative is far too distinct, as is also that of Mr. 
Farrell, who observed with him, to leave any doubt as to the 
reality of the phenomenon. ^ The corona,' says Mr. Gilman, 
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^ was composed of an infinitude of fine violet, mauve-coloured, 
white, and . yellowish-white rays, issuing from behind the 
Moon.' The corona ' looked,' says Mr. Farrell, ' as if it was 
the product of coimtless fine jets of steam issuing from 
behind a dark globe.' We cannot reject such testimony as 
this, coming fix)m undoubtedly competent observers, and 
altogether inexplicable as due to mere illusion. Whatever 
conclusions this observation (as well as Mr. Pope Hennessey's, 
Lieut. Ray's, and the photographic negative) may seem to 
point to, must imquestionably be examined with attention. 
But the lunar explanation was not only negatived by the 
evidence obtained during the recent eclipse, but is completely 
disposed of by the considerations I adduced in the paper 
on Oudemann's Theory, p. 99. I have since had occasion 
to submit those considerations to Sir John Herschel, leaving 
him to judge of their weight, and he replied at once that, 
as I urged, any illumination derived from cosmical dust on 
this side of the Moon would be altogether lost in the illu- 
mination derived from the cosmical dust lying beyond, up 
to, and past the Sun's place. But it will \ie seen, at once, 
that the theory which regards the corona as a phenomenon 
of eruption, requires that these ^ countless fine jets,' &c., 
should be seen, whenever the corona is viewed under ex- 
ceptionally favourable conditions. The rush of matter can- 
not be conceived as taking place otherwise than in countless 
exceedingly fine jets, in jets corresponding perhaps in 
number to the countless minute prominences which produce 
the sierra. And in passing it must be noted that the 
actual quantity of erupted matter must be regarded as in- 
conceivably minute by comparison with the Sun's mass, inso- 
much that the whole amount of matter present at any one 
moment in the corona (so far as this cause is concerned) 
might be outweighed by one of the least among the asteroids* 
But it may now be well to remove certain difficulties 
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which present themselves when the startling theory we are 
dealing with is carefully considered, — or rather it remains 
to be shown that the considerations on which such difficulties 
are founded tend in reality to afford striking evidence in 
favour of the theory. 

In the first place, it will seem highly probable that some 
at least of the matter fiung out from the Sun would have 
such velocities as I have referred to above as surpassing 
those required either to reach the Earth, or even to carry 
matter away altogether from the Sun's control. In this case, 
it would follow: — 1st, that some of the erupted matter 
would from time to time salute our Earth ; and, 2ndly, since 
other stars are suns like our own and may be presumed to 
behave in a similar manner — that matter erupted from the 
stars might cross the interstellar spaces and visit our own 
system. 

Now regarding the erupted matter as, after cooling, me- 
teoric in nature, it would undoubtedly follow from the first 
of these results, that more meteors should fall in the day- 
time than at night. For the night hemisphere of the Earth 
would be saluted only by meteors not belonging to these 
solar eruptions. In the daytime solar meteors (if one may 
so term them) would be added, since meteors arriving from 
the Sun must needs fall on the hemisphere turned towards 
him at the moment of the arrival ; there would be a pre- 
ponderance, then, in fitvour of day-falls. Now the only class 
of meteors we can make comparison by, is the class of 
aerolites, since the fall of these only can be recognised in 
the day-time. And it is a fact, according to the testimony 
of Humboldt, Heis, and others, that these aerolites fall, 
on the whole, somewhat ofbener in the day time than at 
night. 

But, if some meteors eject>ed in this way from stars should 
reach our system, we should expect that they would exhibit , 
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some signs of having been expelled with a velocity exceed- 
ing that barely necessary to carry them away from their 
parent sun. In other words, we should expect that some 
meteors would exhibit velocities exceeding those which the 
Sun can impart to masses drawn by him from outer space. 
Now it has been a source of grave perplexity to all who have 
studied the details of meteoric astronomy that some meteors 
do actually traverse our atmosphere with a velocity exceed- 
ing by many miles per second that which they could possibly 
have, even though after having been drawn by the Sun from 
an infinite distance, they encountered the Earth full tilt at 
the moment when she was in perihelion. This velocity cannot 
exceed 45 miles • per second, whereas we have satisfactory 

* la sach an inquiry the effect due to the Earth's rotation, as also that due 
to her own attraction upon the meteors, may safely he neglected hy comparison 
with the much greater velocities of the meteor and of the Earth in perihelion, 
which we add to obtain the meteors' apparent or relatiye Telocity. But it 
might seem as though, in some cases, the outer planets, afid especially Jupiter, 
might impart an additional Telocity to meteors passing near them on their way 
to the Earth, and that thus the observed excess might be accounted for. Now, 
passing oTer the fa«t that only a few meteors haTe arriTed on such paths as 
would at all correspond with the imagined explanation, the following con- 
ndera:tioDS wiU suffice to show that the effect which even Jupiter would have in 
increasing the Telocity of a meteor is not sufficient to account for the observed 
velocities. (It will be obTious that Jupiter and Saturn could not both act to 
accelerate a meteor in the imagined way, unless in cases so exceptional that not 
one instance could occur out of countless millions of observed instances) : — 

Conceive that while a meteor approaches the Sim from an infinite distance 
{Le. a distance practically infinite) Jupiter is at rest, in the line of the meteor's 
coarse, at a distance J from the Sun ; and that at the moment the meteor is 
about to impinge on the surface of Jupiter, the planet is suddenly removed 
altogether away. Then in this imaginary case, it is obvious that Jupiter would 
produce a much greater effect than he can by any possibility produce in increas- 
ing the velocities of meteoric bodies. Now it is easy to determine what would 
1:>e the velocity of a meteor, subject to the imagined influence, when it subse- 
quently crossed the Earth's orbit. The equation of motion before the meteor 
s^ached Jupiter^s place would be 

-vT'heTe /Is is the attractive force of the Sun's mass at a unit of distance, fu that 
^f .Tupiter's. We get, then, 

[dt/'-^^-li^rx-jY 
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evidence of meteoric velocities of 70» and even up to 80 
miles per second. 

CaO, and putting j for the radius of Jupiter, the velocity (v) of the meteor 
iust as it is about to reach the sur£eu» of Jupiter is g^yen by the equation^ 
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Now in the case of a meteor crossing the Earth's orbit, after being brought 
by solar influence alone from infinity, the Telocity would be given by the 
equation 

X 

whon for x was substituted the radius of the Earth's orbit. We know that this 
velocity is about 25*7 miles per second. And again, it is easy to calculate the 

value of — r^, which is, in fact, the expression for the square of the velocity 

with which a body approaching Jupiter under his sole influence from infinity 
would reach his surface. This is easily shown to be rather less than forty miles 
per second. Hence (ii) becomes 

t;« = (26-7)« + (40)« 

whence v is about 47| miles per second. This is a considerable increase, bat 
when combined with the Earth's perihelion velocity of \%\ miles per second, it 
amounts to but 66 miles per second, and therefore still falls considerably short 
of authenticated meteoric velocities. But it need hardly be said that the actual 
influence of Jupiter can never approach in value that above estimated on an 
imaginary hypothesis. 

It is worthy of notice, and has an important bearing on meteoric astronomy, 
that the possible influence of Jupiter in increasing the velocity of bodies which 
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When we remember also the observed association between 
certain meteoric systems and comets, similar evidence will 
be recognised in the hyperbolic figure of some cometic 
orbits, since no comet approaching the Sun can possibly be 
caused to travel in a hyperbolic orbit by his attractive in- 
fluence alone. The hyperbolic figure is proof positive that 
comets whose orbits exhibit that figure have entered the 
domain of our Sun with considerable velocities imparted to 
them in some as yet unascertained way. As such a comet 
necessarily passes away from the domain of some other star 
with such velocity, it follows that neither has such other 
star by its attractive powers generated the whole of the 
comet's velocity. And as there is no limit to the applica- 
tion of such considerations, there seems no other way of 
explaining the interstellar velocities of the comets which 
have hyperbolic orbits than by tracing back their course 
to the moment when their substance was ejected from some 
star with a velocity exceeding, by many miles per second, 
that with which a body would reach that star if attracted 
from an infinite distance by the star's sole influence. Granted 
that hyperbolic orbits exist, it is unquestionable that they 
are not due to the stellar attractions, however perfectly the 

hare approached the Son's surface from enormous distances is very much less ; 
for equation (ii) becomes in this case 

t;»-(379)« + (40)« 

whence v is about 382, corresponding to an increase of but three miles per 
second. 

[The following formula is convenient for comparing the maximum velocity 
with which a body moving from infinity would reach the surface of either of 
two globes under their sole influence respectively. Let the radius of one be R, 
and its mean specific gravity 0^; the radius of the other rand its mean specific 
gravity Cr ; the respective maximum velocities being V and v. Then 

— S3 ----*. The same relation holds if V and v be the velocities acquired in 
falling from heights H and A respectively, where --B-. I 
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motion of a comet in such an orbit corresponds, as we know, 
with the theory of gravitation,* 

It would follow, if meteors or some meteors were star- 
expelled bodies, that their constitution, when examined 
microscopically or under chemical analysis, would exhibit 
some traces of their origin. In Part II. of this paper I 
propose to consider the very striking evidence we have on 
this point. I shall touch also on some other evidence in 
favour of the theory here dealt with — a theory which, start- 
ling as it appears, seems yet to accord, better than any 
other, with what is at present Icnown respecting the (Dorona. 

Monthly Notioea of the Royal AatronomuxU Society for April 1871. 



II. 

Before entering upon the consideration of the remaining 
portion of my subject, I propose briefly to discuss some 
questions which have been raised since the former part was 
written. I refer in particular to the meteoric theory of the 
Corona — that is, the theory that a large proportion of the 
light of the Corona is due to the existence of coimtless hosts 
of meteors in the Sun's neighbourhood. I have mentioned 
already my belief that I had somewhat exaggerated the share 
which must be assigned to meteoric systems in accounting for 
coronal phenomena.t But this admission must not be un- 

* We may rappose, indeed, that in some few inBtancee (f.«. relatively few), 
planets like Jnpiter and Saturn may hare given to parabolic eometic orbita a 
hyperbolic figure ; but it seems scarcely admissible to suppose that this is 
otherwise than exceptional. 

t In a paper by Prof C. A. Young, of America, entitled ' Note on the Spee- 
tmm of the Corona/ (one of a series of highly snggestiTe and ▼alnable con- 
tributions to the theory of the subject), he says, ' Although I am not able to 
admit with Mr. Proctor that the whole explanation of the Corona is iuTolred 
in the presence of such meteoric particles, yet it cannot be doubted that they 
are yery numerous ; and any that may come within 260,000 miles of the solar 
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derstood as having any reference whatever to opinions which 
I have publicly expressed. On the contrary, all my state- 
ments respecting the competence of the meteoric theory to 
account for the phenomena of the Corona, have been so 
guarded that I find nothing in them to modify. In speak- 
ing of a change of opinion, I have referred only to that 
view of the subject which I had been disposed to entertain 
in mj own mind, not to any opinions which I had definitely 
enunciated. But I am not concerned at present to indicate 
how far, or how little, my own opinions have changed. Ob- 
jections have recently been raised which would tend, if 
admitted, to invalidate the meteoric theory altogether as a 
means of explaining any portion of the coronal phenomena. 

snrfdce must become incandescent,* &e. I eannot remember having on any 
occasion asserted that the whole explanation of the Corona is involved in the 
existence of meteoric systems near the Sun. I could quote many passages im- 
plying that I bold the contrary opinion. I may have written at times about 
the meteoric explanation as founded on a vera causa without discussing other 
venBCOMMB; but it ia not, therefore, to be inferred that I have doubted the 
reality of these others. I would notice in particular that I have always believe<l 
in the atmospheric nature of a portion of the light seen around the Sun duricg 
totality — even at the middle of the totality. In the paper on the Solar Corona 
and Zodiacal Light, I note that the illumination of our atmosphere by the light of 
the prominences and sierra should result in * a faint diffused light diminishing 
towards the neighbourhood of the Moon/ and ' extending over the Moon's disc 
(since it would illuminate the air between the observer and the Moon's body).' 
I need hardly observe that the same obvious leasoning which showed me that 
the prominences and sierra must produce this kind of illumination, convinced 
me also that the real solar Corona (extending beyond the highest prominences) 
must be added to the causes of tlua atmospheric illumination; but in a paper 
written expressly to show that there ia such a solar Corona, I was not free to 
assume in the opening paragraphs the very point I sought to prove. As surely 
as the visibility of the prominences and sierra implies the existence of an 
atmospheric halo due to their light, so surely the visibility of a real solar 
Corona implies the visibility of an atmosphesiic halo due to the light of that. 
Corona. That both haloes are very faint comptired with the real solar Corona 
follows from the reasoning given in the above-mentioned paper (pp. 177-181), 
that is (as Prof. Young and Dr. Balfour Stewart have since severallv 
shown) from the darkness of the Moon's dise during totality, and from the 
fiiintness of the ordinary glare round the Sun by comparison with the light of 
the solar disc 

q2 
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These objections must be dealt with here, because they touch 
the very basis of the theory I am now considering. I refer 
to those remarks in Sir W. Thomson's able address at the 
meeting of the British Association in Edinburgh, in which 
he referred to the opinions he had once entertained respect-, 
iiig the meteoric origin of the solar heat. 

The meteoric theory of the solar heat-supply cannot be 
regarded as demonstrated, or even (considered as the sole 
source of the solar heat) as demonstrable ; nor am I here 
anxious to support it in any way. But it is important to 
notice that the meteoric theory advanced and eventually 
abandoned by Sir W. Thomson is not the theory to which 
recent astronomical discoveries have pointed ; nor can the 
reasoning which Sir W. Thomson has advanced as demon- 
istrative against his own theory be urged with equal force 
(if with any force at all) against those views as to meteoric 
matter in the Sun's neighbourhood, which could alone be 
now advocated by the student of meteoric astronomy. It 
must be remembered that Sir W. Thomson's theory related 
to meteors circling chiefly within the orbit of the earth, and 
he was led to abandon it * because Leverrier's researches on 
the motion of the planet Mercury, though giving evidence 
of a sensible influence attributable to matter circulating as 
a great number of small planets within Mercury's orbit, 
showed that the amount of matter which could possibly be 
assumed to circulate at any considerable distance from the 
Sun must be very small ; ' therefore, * if the meteoric influx 
taking place at present is enough to produce any appreciable 
portion of the heat radiated away, it must be supposed to be 
from matter circulating round the Sun within very short 
distances of his surface. The density of this meteoric cloud 
would liave to be supposed so great that comets could scarcely 
have escaped, as comets actually have escaped, showing no 
discoverable efiects of resistance, after passing bis surface^^ 
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within a distance equal to one-eighth * of his radius.' But 
recent discoveries respecting meteors point to a totally dif- 
ferent solution of the diflBculty here considered. We are 
neither bound to show that the greater part of the meteoric 
matter available for the purpose in question is at any time 
present within the Earth's orbit, nor that the matter which is 
at any time so placed (or rather at a less distance from the 
Sun than our Earth) is the same matter which is similarly 
circumstanced at another time. All that we know respect- 
ing meteor-systems teaches us to regard them as, for the 
most part, travelling in very eccentric orbits, only a small 
part of each orbit lying at a less distance than the Earth from 
the Sun, and therefore only a small portion of each system 
being at any time nearer to the Sun than the Earth is. And 
further, we have every reason for believing that only a very 
small proportion of the meteoric systems travel near to the 
plane of the Earth's orbit. Among the meteoric orbits there 
is every variety of inclination ; and therefore we have not 
to deal with matter which is collected in or near the plane 
of the ecliptic, but with matter completely enveloping the 
Sun on all sides. It is not a disc or very flat spheroid, but 
a sphere of meteoric matter, that we are concerned with in 
considering those portions of such matter which lie nearer 
to the Sun than our Earth does. It needs but a slight ac- 
quaintance with the laws of planetary motion to see that 
neither the motion of the Earth (and the inappreciable 
change in the length of the year), nor the motion of Mer- 
cury (and the slowness of the change in the position of his 
perihelion), can afford such significant evidence respecting 
the quantity of meteoric matter existing within given dis- 
tances of the Sun, as was formerly supposed. 

In like manner, another objection which Sir W. Thomson 

* It should be, I conceive, * one-fifth,* the comet referred to being that of the 
1843. 
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has urged against his former views loses much of its force 
when considered with reference to accepted meteoric theories. 
'Spectrum analysis,' says Sir W. Thomson, 'gives proof 
tinally conclusive against the hypothesis that the Sun's heat 
is supplied dynamically from year to year by the influx of 
meteors. Each meteor circulating round the Sun must fall 
in along a very gradual spiral path, and before reaching the 
Sun must have been for a long time exposed to an enormous 
heating effect from his radiation when very near, and must 
thus have been diiven into vapour before actually falling 
upon the Sun. Thus, if Mayer's hypothesis is correct, friction 
between vortices of meteoric vapours and the Sun's atmo- 
sphere must be the immediate cause of solar heat ; and the 
velocity with which these vapours circulate round the equa- 
torial parts of the Sun must amount to 435 kilometres per 
second. The spectrum test of velocity applied by Lockyer 
showed but a twentieth part of this amount as the greatest 
observed relative velocity between different vapours in the 
Sun's atmosphere.' 

Now if this objection is sound as against the meteoric theory 
of the solar-heat supply, it is sound also as against the very 
existence of meteoric systems close to the Sun, a conclusion 
which very few will be disposed to admit after what has re- 
cently been discovered respecting meteors and comets. But 
I apprehend that the objection is obviated by precisely the 
same reasoning which is valid against the former objection. 
Undoubtedly if meteoric matter came in vortically around the 
equatorial parts of the Sun and in the direction of planetary 
motion, we might possibly expect to find some spectroscopic 
evidence of the existence of their vaporous substance, moving 
as it would with a velocity exceeding more than 200 times 
that due to the Sun's rotation. Even in this case it would 
appear venturesome to assert that the want of such evidence 
was ' proof finally conclusive against ' the existence of the 
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meteoric vortices. For the meteoric matter being brought 
to rest (relatively to the Sun) by friction, ther^ must be all 
possible rates of motion between 240 miles per second and 
rest with respect to the Sun's globe. The bright lines due 
to the vaporous meteors would therefore be widened so as 
to cover the space between their normal position and the 
positions due to the maximum velocity of 240 miles per 
second. That thus widened, and proportionately faint, they 
would be discernible as bright lines on the bright back- 
ground of the solar spectrum, may be gravely doubted ; that 
they 7)iii8t be so discernible may be safely denied. But the 
actual circumstances are very diflFerent even from those here 
considered. All the evidence recently obtained respecting 
meteors tends to show that those which approach the Sun 
neither ^ travel around his equatorial parts,' nor move on a 
direct course, nor with a velocity that can be definitely as- 
signed. Our Earth encounters more than 100 meteor-systems 
(according to the observations of Heis, Alexander Herschel, 
and others); and though none of these systems probably pass 
near the Sun, yet we can infer from them what must be the 
characteristics of the millions on millions of meteoric systems 
which (according to all reasonable probability) belong to the 
solar system. We must conclude, then, that the systems which 
pass near the Sun are inclined in all possible directions to 
the solar equator, have every possible degree of eccentricity 
(and, therefore, every degree of velocity between 240 and 
379 miles per second), and travel both in direct and retro- 
grade courses. That the spectroscope would afford any evi- 
dence of the existence of these multifarious forms and 
degrees of motion, existing in systems which probably 
include every variety of elementary constitution, and further 
modified by the effects of frictional resistance, so that every 
velocity down to relative rest must be included among the 
meteoric movements, is utterly improbable, to say the 
least. 
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It will be understood that if the objections here con- 
sidered were valid, they would aflFect the theory that the Sun 
expels meteoric matter from his interior, as fatally as the 
general theory that meteoric systems are circulating in count- 
less myriads around the Sun's globe. For the Sim is but one 
among the unnumbered millions of suns which exist through- 
out space ; and if our Sun expels meteoric matter, it must be 
inferred that the stars act in like manner. And objections 
against the existence of meteoric systems around the Sun — 
which cannot possibly be sun-expelled — would be objections 
against star-expelled meteors, and so inferentially against 
the expulsion of meteoric matter from the Sun. It is on this 
account that I have thought it necessary to consider the 
objections dealt with above. 

If any of the meteors which reach our Earth have really 
been expelled either from our own Sun or from his fellow- 
suns, we might expect that their structure, as well micro- 
scopic as chemical, would exhibit some signs of the circum- 
stances under which these bodies had their origin. 

Now as respects the microscopic structure of meteors, 
although we have much interesting information, and thougli 
some facts are known which seem scarcely explicable save 
on the strange theory I am considering, yet it must be ad- 
mitted that there is much that is perplexing. Since I wrote 
the first part of this paper, I have had the opportunity of 
inspecting a large number of Mr. Sorby's singularly beau- 
tiful specimens, with his own instnunents, and with the 
advantage of his own imrivalled experience to explain those 
facts which otherwise would have had little meaning for me. 
He also kindly gave me copies of all his papers on the sub- 
ject, and these I have carefully studied. Space will not 
permit me to discuss here the various facts on which Mr. 
Sorby's reasoning and his (hypothetical) conclusions have 
been based. It must suffice for me to state that, while there 
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remain many sources of perplexity in every part of the 
subject, he still considers the general conclusion which he 
published in 1864 as the most probable, and that, in fact, 
no other seems available. How far this conclusion is in 
accordance with the theory we are upon, the reader shall 
judge. *The most remote condition of which we have 
positive evidence,' he wrote in 1864, * was that of small 
detached melted globules,* the formation of which cannot 
]>e explained in a satisfactory manner, except by supposin^^ 
that their constituents were originally in the state of vapour 
as they exist in the Sun.' He found evidence that the 
meteors had been in the state of vapour while under enor- 
mous pressure, and ^in mountain masses.' It certainly 
seems difficult to understand where and how the 8ul>- 
stance of meteors could have been in this state, save within 
an orb as intensely heated and as vast as our Sun and Iuh 
fellowHSuns. 

The evidence firom the chemical structure of met^^orw is 
even more striking. 

If we consider the circunustances under which the m^-t^'ors 
are supposed (according to this theory) to be exp^^lIM from 
the Sun or stars, and remark the evidence we have reHjiect- 
ing the existence of hydrogen in other suns than oiirn, we 
shall see the probability that some among the meU^irM which 
reach us would show signs of having Ijeen oucm siirrotind^td 
by intensely hot hydrogen, existing at an iucjmcfnvtLhly vant 
pressure. For iron, which is my fn-r|uerjtly present in 
meteoric masses, if polidified under su^h c^inditions, would 
condense within it« substance a eonsid^rrable profiortJon of 

* It maj be added that Prrff. .%oIdm eoctid^^ fh» fy/UH«y/f/i> ^bMT*«'.//r>« 
of the Corooa to iodieate the pres^oeft 'A miiinv rrytttAU '/f mHAl, trav<,ijrif( 
radiaUy from the San. Mr. Raojaid haa »|y/vri ilo^, t>ut tit^, yAMt^f^u- 
obaaratknia of the arjdiaeal lifht inplj vx oalj t\ai •U ].|fht i» ^um u, *u* 
rafleetion of foUr lifht, bat that the nattAT nrfl^^i.air •4^b Viyftf •ftfl'rr <rt ntn 
in partklea to fmaU that tkietr diMtunUn t^ «^/mfmnt,Ui vith f Pia va* «- >'y*l.« 
of light» or dae that toeh natter u eapabut of pr.u^ n^t^.Ut r^rtivr*. 
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hydrogen. Now, we have evidence on excellent authority 
that meteoric iron contains a larger amount of occluded 
hydrogen than malleable iron can be impregnated with. 
The late Professor Graham examined a piece of the Lenarto 
meteor, constituted, according to Werle's analysis, of 
90-883 parta of iron, 8-450 parts of nickel, 0-665 of cobalt, 
and 0*002 of copper. Allien a volume of 5-78 cubic centi- 
metres of this iron was heated to redness, 'gas came off 
rather freely; namely, in 35 minutes 5*38 cubic centi- 
metres, in the next 100 minutes 9-52, and in the next 20 
minutes 1-63 cubic centimetres;' in all, in rather more than 
2^ hours, no less than 16-53 centimetres, or about three times 
the volume of the iron itself. ' The first portion of the gas 
collected had a slight odour,' says Professor Qxaham ;* ' but 
much less than the natural gases occluded by ordinary iron. 
It did not contain a trace of carbonic acid.' The second 
portion of the gas collected (consisting of 9-52 cubic centi- 
metres) gave of hydrogen 85-68 parts per cent., the rest con- 
sisting of nitrogen and carbonic oxide. ' The Lenarto iron 
appears, therefore, to yield 2-85 times its volume of gas,' 
says Professor Graham, 'of which 86 per cent, nearly is 
hydrogen, the proportion of carbonic oxide being so low as 
4i per cent.' But ' the gas occluded by iron from a car- 
bonaceous fire is very different, the prevailing gas then 
being carbonic oxide. For comparison, a quantity of clean 
horseshoe nails was submitted to a similar distillation.' 
This iron gave 2-66 times its voliune of gas ; the first por- 
tion collected contained only 35 per cent, of hydrogen, 
50*3 per cent, being carbonic oxide, 7*7 per cent, carbonic 
acid, and 7 per cent, nitrogen ; the second portion gave no 

* Not having Graham's original paper by me, I quote these paasagea from 
extracts in Mr. Mattieu WiUiams' Ftiel of the Sun, where the theory of the ex- 
pulsion of meteors from the Son is enunciated and supported— on gzonnds, how- 
ever, not always strictly in accordance with dynamical principles. 
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carbonic acid, but 58 per cent, of carbonic oxide, and only 
21 per cent, of hydrogen. 

On these results Professor Graham reasons as follows : — 

m 

^It has been found difficult to impregnate malleable iron 
with more than an equal volume of hydrogen under the 
pressure of our atmosphere. Now, the meteoric iron (this 
I^enarto iron is remarkably pure and malleable) gave up 
about three times that amount without being fully ex- 
hausted. The inference is that the meteorite had been 
extruded froni a dense atmoephere of hyd/rogen gas^ for 
which we must look beyond the light cometary matter 
floating about within the limits of our solar system. . . . 
Hydrogen has been recognised in the spectrum analysis of 
the light of the fixed stars by Messrs. Huggins and Miller. 
The same gas constitutes, according to the wide researches 
of Father Secchi, the principal element of a numerous class 
of stars, of which a Lyrce is the type. The iron of Lenarto 
has no dovht come from such an atmosphere, in which 
hydrogen greatly prevailed. This m,eteo7%te may be looked 
"upon as holding imprisoned within it, and bearing to 
us, the hyd/rogen of the starsJ' 

Other circumstances relating to the Corona itself seem to 
require some such theory as that we are dealing with for 
their elucidation. 

The coronal spectnmi, although not by any means iden- 
tical with the spectnmi of the terrestrial aurora, shows yet 
such a resemblance to this spectnmi as to indicate that the 
corona is in part due to a perpetual solar aurora. Such at 
least is the theoiy to which many profound reasoners have 
been led by the study of the coronal spectrum. But a 
difficulty had existed in determining how electrical action 
could be excited where we see the light of the Corona.* 

♦ When Prof. Reynolds exhibited (at the Inst meeting of the British Asso- 
ciation) the very beautiful electrical Corona by which he illustrates the auroral 
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The theory we have heen dealing with would remove tliis 
difficulty, for the rush of the erupted matter, even through 
the rare medium existing round the Sun, would produce pre- 
cisely the effect which the coronal theory requires. The 
fact that one of the lines of the coronal spectrum belongs to 
tlie spectrum of iron may be regarded as supplying sul)- 
sidiary evidence of some weight. 

I have already referred to the fact that under close tele- 
scopic scrutiny the Corona presents close by the Sun an 
appearance as though countless thousands of jets were issu- 
ing from the photosphere. But it may be asked whether 
any direct evidence of an outrush of matter has ever been 
obtained. It might well happen that no such evidence was 
available ; for, as I have mentioned, the actual volume of 
the erupted mtatter must be supposed to bear but the 
minutest possible proportion to the volume of the pro- 
minences. The swift motion of the erupted matter would 
not tend, perhaps, to add to the difficulty of detection, 
because the effects of that motion at the Sun^s distance 
would scarcely be appreciable, even in powerful telescopes. 
But it would be difficult to distinguish the erupted matter 
])y its appearance, and as its light would give a continuous 
spectrum (owing to the enormous compression of the issuing 
jets), it would be wholly impossible to detect the existence 
of this matter by spectroscopic analysis. It may be ques- 

theory of the Corona, Prof. Tait remarked that this theoiy had been rejected 
by men of science. It is difficult to understand on what grounds this remark 
was founded. I cannot find that any man of science has expressed an opinion 
adverse to the auroral theory. Dr. Balfour Stewart, General Sabine, and othen, 
have used arguments respecting the prominences (before the nature of theite 
was known) which may now be fairly applied to the Corona, while Prof. Young 
of America, Prof. Reynolds and others in England, and several Continental 
physicists, have spoken favourably of the auroral theory as directly applicable ^ 
to the phenomena of the Corona. The noteworthy point is not^ however, that ^ 
there is such good authority in favour of the theory, but that not one man o^ 
science has definitely expressed an opinion adverse to it. 
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tioned whether the brilliant flakes seen by Mr. Gilman in 
the large prominences visible during the eclipse of 1869 can 
be regarded as in any way related to the subject we are 
upon. These flakes * stood out,' he says, * as if totally uncon- 
nected from the rest of the prominence.' But their size, as 
described and pictured by him, forbids us to believe that 
they could have been masses of erupted matter ; though it 
is by no means impossible that they may have been clusters 
of many such masses resulting from volleyed discharges. 

A phenomenon observed by Dr. ZoUner seems less ques- 
tionably related to our subject. Observing the Sun on June 
27, 1869, he noticed that as soon as he brought the slit of 
the spectroscope close to a certain part of the Sun's liml), 
where the prominences were particularly long and bright^ 
brilliant linear flashes passed through the whole length of 
the dull spectrum, over the limb of the Sun, about three or 
four minutes' distance from the latter. * These flashes,' lie 
says, * passed over the whole of the spectrum in the field of 
view, and became so intense at a certain point of the Suns 
limb as to produce the impression of a series of electrical 
discharges rapidly succeeding one another, and passinii:^ 
through the whole spectrum in straight lines. Mr. Vogel, 
who afterwards, for a short time, took part in these observa- 
tions, foimd the same phenomenon at a different portion of 
the Sun's limb, where protuberances also appeared.^ Zollner 
remarks that Hhe phenomenon can be explained by the 
liypothesis that small intensely incandescent bodies moving 
near the surface of the Sun emit rays of all degrees of 
refrangibility, and produce flashes of a thread-like spectrum 
as their image passes before the slit of the spectroscope.' 

To these considerations may be added some which are 
connected with the aspect of the solar photosphere. For 
instance, the researches of De la Eue, Stewart, and Loewy 
seem to prove that ^ the faculse of a spot have been uplifted 
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from the very area occupied by the spot, and have fallen 
behind from being thrown up into a region where the 
velocity of rotation is greater.' This, of course, would cor- 
respond with what the theory we are considering would 
suggest. 'And it may be noticed' (here I quote from a 
paper of my own in 'Eraser's Magazine,' for April 1871) 
' that, regarding spots as phenomena of eruption, that is, as 
beginning with eruption, we can find a reason for their 
occurrence being associated, as Mr. De la Rue and his col- 
leagues believe, with the relative proximity of the planets. 
For eruptions and earthquakes on our own Earth, stable as 
its substance undoubtedly is by comparison with the Sun's, 
have been observed to occur more frequently when the Moon 
is in perigee ; and Sir John Herschel has explained the pre- 
dominance of active volcano and earthquake regions along 
shore-lines as depending on the seemingly insignificant 
changes due to tidal action. How much more, therefore, 
might we expect that the solar equilibrium would be dis- 
turbed by planetary action, when all that has been revealed 
respecting the Sun tends to show that the mightiest con- 
ceivable forces are always at work beneath his photosphere, 
one or othenaeeding only (it may well be) the minutest assist- 
ance from without to gain a temporary mastery over its rivals. 
And if, as recent observations tend to show, the mightiest 
of the planets sympathises with solar action ; if when the 
Sun is most disturbed the belts of Jupiter are also subject 
(as of late and in 1860) to strange phenomena of change; 
how readily do we find an explanation of what would other- 
wise seem so mysterious, when we remember that, as Jupiter 
disturbs the mighty mass of the Sun, so the Sun would recipro- 
cally disturb the mass of the largest of his attendant orbs.' * 

Monthly Notices of the Boyal Astronomical Sodefy for October 1871. 

* Since these papers were written, observations made bj Father Secchi, oi 
Bome, and Prof. Young, of America, haro gone far to demonstrate the theo; 
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here dealt with. Father Secchi has found that the emptive prominenceH are 
confined to the solar-spot zone, and also that in their substance there are 8f veral 
metallic elements. Prof. Tonng has witnessed an eruption in which bvdrogon 
wisps were carried from a height of 100,000 miles to a height of more than 
200,000 miles in ten minutes ; the calculated time for a projectile in vacuo 
traversing this distanci" and brotight to rest at a height of 200,000 miles bein^ 
25' 56^ Hence the retardation of the hydrogen must be enormous. A full 
account of Prof. Young's obsorvations will be found in the second edition of 
The 8»n. 
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THE SUN'S JOURNEY THROUGH SPACE. 

Few of the discoveries made by astronomers are more sur- 
prising than that of the Sun's motion through the celestial 
spaces. Followed by his train of attendants — planets, aste- 
roids, comets, and meteoric systems — he is ever rushing 
onwards through space with a velocity of which the human 
imagination is unable to form any adequate conception. 
Whether the vast orbit which he must in reality be pur- 
suing is of any regular figure, or rather consists of myriads 
of interlacing loops; whether in the former case there is 
some vast central orb around which his motions are directed, 
or whether the orbit is simply regulated by the gravity of 
the scheme of fixed stars, without any preponderant mass at 
the centre ; whether, in fine, the Sun is an attendant star, or 
is himself one of the regulating orbs of the sidereal scheme 
— on all these points astronomy is as yet silent. Specula- 
tion has, indeed, suggested many interesting surmises, 
grounded on more or less probable evidence ; but as yet 
no theory founded on an exact examination of the results 
of systematic observation has been presented to the world. 
Nor is it likely that astronomers will quickly be able to sys- 
tematise the motions of the stars. The Copernicus of the 
sidereal system is not to be expected for many generations, 
perhaps not for thousands of years. Nay, if it befitted us to 
doubt after the achievements of our Newtons and our Her- 
schels, we might fear that the great problem of co-ordinatin 
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the motions of the fixed stars into a single scheme is one 
which it will never be given to the himian race to triumph 

over. 

What has already been done, however, is well worthy of 
carefiil study. In fact, it may be doubted whether the full 
complexity of the problem which has been solved by our 
astronomers has been thoroughly appreciated. I wish to 
exhibit the nature of the results which have been obtained, 
and then to discuss some peculiarities which, without in any 
sense throwing doubt upon the justice of the conclusions to 
which astronomers have arrived, yet serve (imless I mistake) 
to prove in the clearest manner that the assiunptions on 
which the problem of the Sun's motion has been solved 
require modification. The work of our astronomers 
resembles, in a sense, the famous work of Adams and 
Leverrier, when they spread forth the subtle webs of their 
analyses to capture the unseen planet whose influence had 
so long been felt upon the outskirts of the solar system. 
Just as their assumptions respecting the mass and distance 
of the great unseen were incorrect, yet led to a correct 
result, so the assumptions on which our astronomers have 
founded their determination of the Sun's motion in space 
may be now shovm, by means of that very determination, to 
have been wholly incorrect. 

Let us first rightly grasp the nature of the problem which 
the elder Herschel set himself. 

He argued that if our Sun is moving through space, the 
efiects of his motion must generally be on this wise : — The 
stars in those regions of space towards which the Sun is 
moving must seem to 'open out,' precisely as the trees of a 
forest seem to ' open out ' as we approach them. The stars 
in the opposite region must seem to close in to a cor- 
responding extent. But the most marked effect must 
appear in the stars which are on or near the celeitial circle 
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midway between these two regions. All such stars must be 
aflfected by a * backward drift,' corresponding precisely in 
degree to the rate of the Sun's advance. 

It will be observed that hitherto the question of the stars' 
distance has not been introduced. But it is clear that this 
question must affect to a most important extent the effects 
of any definite solar motion. For anything that Herschel 
knew when he began his inquiry, the stars might be so £eir 
off that the Sun's motion, even though vast in itself, might 
produce absolutely no appreciable effect upon the position 
of the stars. Then again, supposing the first-magnitude 
stars, presumably the nearest, were affected in a certain 
degree by the Sun's motion, then the second-magnitude stars 
would be less affected, the third still less, and so on. Again, 
the stars regarded as sims resembling our own central 
luminary, might be expected to have their own motions 
through space, and it was uncertain before inquiry whether 
these motions might not be quite sufficient to mask the 
effects of the Sun's motion ; or, at any rate, the balance of 
effects might be so small as to render it very doubtful 
whether accident or a real motion of the Sim had been the 
cause of the slight apparent preponderance of motions in 
some definite direction. 

I mention all these circumstances that the reader may be 
able to appreciate the boldness of Herschel's genius in ven- 
turing to search, amidst so many conflicting evidences as he 
might expect to meet with, for that small residuum of 
motion on which he hoped to found the doctrine of the 
Sun's motion through the sidereal spaces. 

But yet more startling is it to find how slender was the 
stock of materials which Herschel had at his command. 
When we know that modem astronomers have examined the 
motions of hundreds of stars in dealing with the same pro- 
blem, it is amazing to think that Herschel should have 
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hoped to deduce from the motions of only seven stars a 
result of 80 much importance as that he was in search of. 
It is yet more amazing to find that he achieved a perfect 
success. He announced in 1785 that the Sun is advancing 
towards a point in the constellation Hercules. Even at the 
present day astronomers have not been able to say more, so 
far at least as the direction of the Sun's nK>tion is concerned. 
Every subsequent inquiry has exhibited the constellation 
Hercules, or its immediate neighbourhood, as including 
the point whieh astronomers call the ^ apex of the sun's 
motion.' 

But this result — I mean the successful determination of 
the direction of the Sun's motion from the consideration of 
only seven stars — is not only surprising ; it is highly signi- 
ficant. Let ufi at once accept it in its full importance. It 
proves, not naerely that the Sun has such a motion as 
Herschel bad suspected, but that the Sun's motion must 
bear a very considerable proportion to the motions of the 
other stars in space^ Had the Sun been one of those stars 
which move very slowly compared with their fellow-orbs, 
there can be no doubt whatever that so rough and inexact 
a mode of inquiry could have revealed nothing respecting 
the direction in which the Sun is travelling. It is only by 
looking upon the Sun's motion as far from being the least 
japid of the stellar joumeyings, that we can understand or 
Jippreciate Herschel's success. 

We shall presently see that this fact is of the greatest 
«gnificance in reference to the results which have rewarded 
JsLter researches. 

Herschel's conclusions were not left umioticed or uri'- 
<^lisdlenged. So small, however, has been the number of 
who have disputed the justice of Herschel's views, and 
thorough has been the vindication which those riews 

Te received at the hands of the ablest astronomers, that 

B 2 
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we need not be at the pains to discuss the arguments b} 
which a few mathematicians (I believe only two) have 
attempted to impugn the accuracy of HerscheVs con- 
clusions. 

At an early stage in the inquiry it was felt that the re-« 
lative distances of the stars must have an important bearing 
on the determination of the actual nature of the Sun's 
proper motion. The general drift of the stars in a certain 
direction may be very significant evidence of the Sim's 
motion in the contrary direction. But if we wish to esti- 
mate the actual velocity with which the Sun is travelling, 
we must have clear conceptions on two very important 
points. We must determine the relation between the dis- 
tances of the brighter and fainter stars, ranging them in 
definite gradations of magnitude ; and, moreover, we must 
know the actual distance of several stars. 

On the last point astronomers have obtained satisfactory 
results. There are, indeed, very few stars whose distances 
are known ; but several of these distances have been ascer- 
tained in a manner there is no disputing. Over and over 
again, for instance, has the distance of the leading brilliant 
in the Centaur (a famous double star) been determined ; and 
the results have always been closely accordant. Then there 
is the small star (No. 61) in the Swan, whose rapid apparent 
motions long since suggested to astronomers the idea of its 
proximity to our system. This star's distance has been 
measured by Bessel and Peters (by independent processes), 
and with satisfactorily accordant results. Ai;id several other 
stars might be named respecting whose distances very little 
doubt remains in the minds of our astronomers. 

But on the other point there has been a considerabla^ 
variety of opinion. All agree that the fiunter stars mu8t= 
be assumed to lie much farther away than Sirius, or Capella— 
or Arcturus, or Vega. But whether the relative distance i^ 
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satisfactorily indicated by the difference of brilliancy, or 
whether it would not be better, so far as the particular pro- 
blem we are dealing with is concerned, to take the relative 
apparent motions of the stars as affording the best criterion 
of their relative distances, is an important point on which 
astronomers have long been at issue. It is a singular cir- 
cumstance that ihej have never (to the best of my know- 
ledge) thought of instituting a direct comparison between 
the evidence of the two criteria of distance. All that has 
been done is this. One class of astronomers have arranged 
the stars into sets su^cording to their apparent brilliancy, 
and, assigning a smtable mean distance to the stars of each 
set, have determined the SunV motion on the strength of 
the evidence thus deduced. Another class of astronomers 
have arranged the stars into sets according to the magnitude 
of their apparent motions, and have determined the Sun's 
motion accordingly. Now it has happened that the results 
of both processes have been coincident. Hence it has been 
assumed to be a matter of indifference which view is adopted, 
or rather it has been supposed that the relative motion of 
the stars must correspond pretty closely with their relative 
brilliancy ; otherwise there would be (it has been thought) 
no such accordance as has resulted from the use of either 
indication to determine the Sun's motion through space. I 
speak under correction, but I believe that no one has ever 
Jet expressed' any doubts on this point. As I have said, it 
does not seem to have occurred to any one to inquire 
^v-liether the proper motions of the stars correspond with 
title distances which astronomers had deduced from the 
brightness of the stars of different magnitudes. To illus- 
t:^:rate the nature of the case, I may compare it to a trial 
Ci^uried on simultaneously in two different courts and leading 
the same decision. In such a case (the trial being carried 
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on with closed doors) no one would be led to suspect that 
the evidence given in one court might possibly be wholly 
different from that given in the other, or even that there 
might be absolute incongruity between the two lines of 
evidence. Yet this might well be the case ; and the deci- 
sion, however just in itself, might thus be founded on false 
evidence in one or other, or even in both courts. I think I 
shall be able to show that the case certainly corresponds 
with this view in regard to the determination of the Sun's 
motion through space. 

The astronomers who have adopted the rule of estimating 
star-distances by brilliancy have assigned the following re- 
lative distances to stars of the first seven magnitudes : — 





Distance. 


Ist magnitudfi .... 


1-00 


2nd „ .... 


1-71 


8rd „ .... 


2-67 


4th „ .... 


376 


5th „ .... 


6-44 


6th „ .... 


7-86 


Tth ,» .... 


11-84 



Now it is perfectly clear that the greater the distance of 
an object in motion, the more slowly the object will appear 
to move. Just as the apparent dimensions of a man, for 
instance, are diminished by distance, so also, if he is walking, 
will the apparent length of his steps be diminished. 

This being understood, it is clear that if we take the 
average proper motions of the stars of different magnitudes, 
we ought to find a close correspondence between the result 
and the above list of distances, if the brilliancy of a star 
affords in reality a true test of its distance. Now, the mode- 
of determining the true average in this case involves ma- 
thematical considerations of some nicety. (See Appendix B." 
Let it suffice, in this place, to exhibit results. 
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I find, then, that the average proper motions of the stars 
belonging to the first seven magnitades are as follows : — 

Proper motion. 

1st magnitude (T'OO 

2nd „ 0"-21 

3rd „ 0"-31 

4th „ 0"-24 

6th „ (r-50 

6th „ 0''-22 

7th „ 0''-20 

And if we estimate the stars' distances from this table, 
making as before the distance of the first-magnitude stars as 
unity, we get,* in place of the distances shown in the first 
table, the following : — 

Distance. 

Ist magnitude 1*00 

2nd „ 4-71 

3rd „ 3-19 

4th „ 4-13 

6th „ 1-98 

6th „ 4-60 

7th „ 4-96 

Clearly this result is unsatisfactory. It is not merely that 
it differs altogether from the former, but that it is absurd in 
itself. We cannot suppose stars of the second magnitude 
to be farther away than stars of the third, fourth, fifth, or 
sixth. Before proceeding, we must master this diflBculty, if 
possible. I think we can trace it to its source. The first 
orders of stars contain but few representatives, compared 
with the orders of the less brilliant stars. Thus the above 
list deals with only nine stars of the first magnitude, and 
only fifty-five of the second. It is clear that numbers sucli 
as these are insufficient for our purpose, when once it is 
found that the old law of distance has to be abandoned. 

Having thus detected the probable source of the irregu- 
larity, it is very easy to recognise the proper mode of treat- 

* For a fuller account of my examination of this subject, see Appendix B. 
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ing the difficulty. The question really is whether the faint 
stars are proportionately far off. Let us then divide the 
stars into two classes, the first including all those which are 
visible in moderately bright moonlight — ^that is, stars of 
the first three magnitudes ; the second including the re- 
maining stars,* visible to the naked eye on a clear night 
when there is no moon. Such a test as this must result in 
exhibiting the relative average proximity of the brighter 
stars, if brightness is indeed any criterion of proximity. 
Here is the result : — 

Proper motion. 

First set O^-SiS 

Second set 0''349 

So that, judged in this way, the stars of the smaller magni- 
tudes must be looked upon as actually nearer to us (though 
very slightly) than the brilliant orbs which form the most 
striking of our constellations. 

One cannot mistake the meaning of this result. The 
near approach to equality observed between the numbers 
may be partly accidental. Had our first set included one 
more magnitude, indeed, there would have resulted no such 
close approach to equality ; but the yet more striking result 
of a markedly greater proper motion in the fainter set would 
have been noticed. If our first set had included only the 
first two magnitudes, there would again have been no exact 
equality, while the preponderance of proper motion would 
have been (though but slightly) on the side of the brighter 



* It is Dot to be understood that the stars I am considering include all those 
of the yarious magnitudes dealt with. They are taken from a list of the pro- 
per motions of 1,167 stars drawn up by Mr. Main in 1S64. But it is important^ 
to notice that there is no principle of selection in this list to vitiate the result, 
of the process of examination referred to aboye. All stars belonging to certair^ 
catalogues haye been included by Mr. Main, whether their proper motions be 
great, or small, or even eyanescent. 
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stars. About these niceties we need not concern ourselves. 
The great point is that it is established, on evidence which 
seems wholly irresistible, that the brilliancy of the stars is 
no satisfactory criterion of proximity. 

This inquiry into the significance of stellar brilliancy 
may seem a digression from the subject of the Sun's motion 
in space. But it will presently be seen that the investiga- 
tion is an absolutely essential preliminary to our inquiry 
into the recent work of astronomers on the subject of the 
Sun's motion. 

I have mentioned that two methods had been made use 
of in determining the point in space towards which the Sun 
is moving. But both these methods were applied to the 
stars' wppareTvt motiona on the celestial vault. lately the 
Astronomer-Boyal suggested a total change in the mode of 
treating the subject. He argued that the question should 
be looked at as having reference to the motions of the stars 
in space, not upon the surface of the imaginary celfeitial 
globe. And he showed, in his usual lucid and masterly 
manner, how the mathematical considerations involved in 
the change of view must be dealt with. He also calcu- 
lated the formulas for determining in this new way the 
nature of the Sun's motion in space. These formula) 
would, of course, be out of place in a popular essay ; nor 
would it be easy to present the new mode of treating 
the subject without introducing considerations scarcely less 
unsuited to these pages. The mathematical reader will 
find Mr. Airy's able dissertation on the subject in vol. 
xxiv. of the ' Memoirs of the Boyal Astronomical Society.' 
The non-mathematical reader may accept the opinion of 
our leading astronomical authorities on the m(triU of thin 
dissertation, as affording sufficient evidcna; of the jmhUcm 
and importance of the Astronomer-Hoyars views. The 
chief circumstance to be noted, however, is that the wtw 
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inquiry, though based on novel considerations and conducted 
in a novel manner, yet led to precisely the same result as 
former researches. 

Not only was tlie original estimate of the direction of the 
Sun's motion confirmed by the Astronomer-Royal, but the 
velocity with which the Sun is journeying through space 
came out from his figures and formulae appreciably unchanged. 
Mr. Dunkin, of the Greenwich Observatory, to whose skill 
t)ie Astronomer-Royal had entrusted the laborious and 
difficult processes involved in the application of the 
new method to 1,167 stars, remarks on this head that the 
mean of the values obtained by Otto Struve and by himself 
differs so little from either, that we may look upon it as 
fairly representing the annual motion of the Sun, ^ so far as 
any result can be obtained by the use of the apparent 
proper motions of the stars.' The Sun's velocity, according 
to both methods, is found to be about 150 millions of miles 
per annum. 

It would seem, then, that the problem of the Sun's motion 
in space has been placed in the category of settled questions. 
With so many solutions, various in method, founded on 
different sets of stars, and carried out by the most skilful 
mathematicians to all but identical results, no one can 
reasonably doubt, it might be thought, that the Sun's motion 
is such as has been stated by our astronomers. 

And yet, singularly enough, this last and most satisfactory 
of all the solutions which the problem has received has 
introduced an element of doubt into the question which it. 
is impossible to overlook. The Astronomer-Royal was nol 



content with the mere solution of the problem, but persisted^ 
after the obstinately inquisitive manner usual amongst astro — 
nomers, in applying all manner of tests to the resultzz 
Among these tests was one of a most interesting character. 
It was argued that if our Sun's motion is reflected 
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clearly amongst the drifting stars, we ought to find the 
amount of stardrift largely diminished when the full cor- 
rection is made for the Sun's motion. Accordingly the ex- 
periment was tried. Every star of the 1,167 in Mr. Main's 
list was carefully set drifting in a direction precisely oppo- 
site to that due to the Sun's motion ; the eifect being in- 
tended to be such as to correspond to that which would 
really take place if the Sun were brought to rest. I say 
intended, because the doubts which hang over the subject 
of the stars' distances come in here again to perplex th() 
question. However, the best was done which the circum- 
stances admitted of. The estimates of the elder Struvo 
were adopted, and the immensely laborious work o/ correc- 
tion was carried out to its completion by Mr. Dunkin. 

The result was not such as was to have been expected. I 
premise that, in this case, the sum of the squares of the 
uncorrected motions has to be brought into comparison with 
the sum of the squares of the corrected motions. Th" 
former sum, then, was found to be 142*0251, the hitter 
136*491 5. The correction, instead of being imporUmt, hm 
was anticipated, is less than a twenty-fifth part of tlio 
whole. 

Sir John Herschel, commenting on this result, remiirkM : 
^No one need be surprised at this. If the Hun inovi* in 
space, why not also the stars? and if h^>, it would U) mani- 
festly absurd to expect that any movement amltl Ut aiMi^ned 
to the Sun by any system of calculation which nhnuUl 
account for more than a very small [>ortion of thu t>*»l;ilily 
of the observed displacements. But what i» iutUuftl ttnUt- 
nishing in the whole afiair is that among all tbi« tthty,iii', 
heap of miscellaneous movement, among all thin drift ol 
cosmical atoms, of the laws of who»M; motions wu know nlf^f 
lutely nothing, it should be ym\\A*z Uf \Aiu'Ai tli^j Utiy^i-t nu 
one small portion of the turn t//tal, Uj all ^i\ti^ri^utu' %kuiU%^ 
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tinguishably mixed up with the rest, and to declare with 
full assurance that this particular portion of the whole is 
due to the proper motion of our own system.' 

With all deference to an authority so distinguished, I 
must venture to express my doubts of the correctness of the 
opinion I have just quoted. Sir John Herschel has omitted 
to consider that the number of bodies affected by their 
own proper motion may have little to do with the effects 
of the correction under discussion; because every one of 
those bodies is affected by the surCs 'proper motion. The 
largeness of the number is as effective one way as the other. 
This general consideration suffices to throw Herschers con- 
clusion into doubt ; but in reality the question is one for 
mathematical discussion, and when this has been applied it 
becomes certain that his conclusion is erroneous. (See 
Appendix B.) 

But although the processes by which I have established 
the view that a larger correction was to have been expected 
are mathematical, I can indicate a line of simple reasoning 
which will exhibit very clearly the probability of that view. 
Suppose there are two stars in that part of the heavens 
where the Sun's motion produces the greatest change of 
position, and that one star is moving in the same direction 
as the Sun and with the same velocity, the other in the con- 
trary direction. It is obvious that the first has its apparent 
motion reduced to rest by the effect of the Sun's motion ; 
the second has its motion doubled. Thus, instead of the 
motions 1, 1 (as we may coimt them), which would be 
observed if the Sun were at rest, we get the motions 0, 2 ; 
and instead of the squares 1, 1, we get the squares 0, 4, an 
increase in all of 2. Now, any one familiar with the ele- 
ments of geometry will find that, even if the two stars had 
opposite motions along some other line than the one parallel 
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to the Sun's path, bo that (situated as the stars are supposed 
to be) the squares of their own motions would be less than 
1, 1, the increase due to the Sun's motion would still be 2. 
Hence, if we suppose a large number of stars to be moving 
in all directions from a point situated as supposed, every 
pair of opposite motions would have the sum of its squares 
increased by 2; whereas the original sum would never 
exceed 2, and would commonly be less than 2. Hence the 
effect of the Sun's motion would be to more than double the 
sum of the squares for stars in this particular part of the 
heavens. For stars situated elsewhere the Sun's motion 
would be less effective. Without entering further into ex- 
planations of the probable effect of the Sun's motion for 
stars all over the sky, I may mention, as the result of an 
exact mathematical discussion of the subject, that, on the 
whole, the Sun's motion ought exactly to double the sum of 
the squares. In other words, the correction due to the Sun'n 
motion ought to reduce the sum of the squares by one-half. 
We have seen that the actual reduction is less than one 
twenty-fifth. 

We have, then, only three explanations to choose from. 
Either the Sun's motion is considerably less than the average 
motions of the stars ; or stars are moving according to some 
law which tends to mask the effect of the motion of tbo 
Sun, which is but one among their number ; or, lastly, the 
assumptions which have been made respecting the stars' dis- 
tances (as judged by their brightness) are wholly incorrect. 

We have seen, at the very beginning of this inquiry, that 
the Sun's motion cannot be looked upon as small in com* 
parison with the average motions of the stars. Thus the 
first explanation must be dismissed. As to the second, it U 
clearly improbable in the highest degree that that should 
be the real explanation of our difficulty ; for besides that a 
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law, to be so effective in masking the eflTect of the Siin^s 
motion, ought to exhibit itself by obvious relations among 
the stellar movements, we have the bet that the Son^s 
motion is not masked when estimated in other ways. It is 
only in one sense that it is masked at all, and its effect, 
viewed in that light, depends entirely on the assumptions 
which have been made respecting the stars' distances. We 
are led, then, to the third explanation, which involves the 
very conclusion which I have endeavoured to establish above 
on other grounds — the conclusion, namely, that the distances 
of the stars are not to be estimated by the stars' apparent 
brightness. 

It only remains to mention that the same amoimt of 
change in our estimates of the stars' distances which the 
former mode of inquiry suggested, appears to correspond 
closely with the amount required to make the corrections 
due to the Sun's motions sufficiently effective. I can only 
speak positively, however, for the stars of the lower magni- 
tudes, because the correction due to the Sun's motion is in 
reality not a correction at all for stars of the second and 
third magnitudes, since it actually increases the sum of the 
squares. My formulae do not enable me to deal with a 
negative correction, though they show very conclusively that 
such a correction can only result from mistaken assiimptions. 
The fact that such corrections exist is interesting also as 
confirming a result already indicated in this paper — viz. 
that the stars of the first three magnitudes must be taken 
together in inquiries of this sort. 

The result of my examination of the subject seems to 
prove that we can no longer assume the stars to be all of the 
same or nearly the same magnitude, but that, on the con* 
trary, their differences of magnitude are so important as 
to constitute the chief explanation of their differences of 
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brilliancy. But this conclusion, which seems to me indis- 
putable, in no sense contravenes the conclusions which as- 
tronomers have formed respecting the Sun's motion through 
space, though it throws considerable doubt upon the accuracy 
of the estimates which have been formed of his velocity in 
miles per annum. 

Ftaters Magazine for September 186^, 
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COLOURED SUNS. 

If a brilliant star be obserTed when near the horizon,: 
it will be seen to present the beautiful phenomenon of 
^ coloured scintillation.' The colours thus exhibited exceed 
in purity even those seen in the solar spectrum or in the 
rainbow. By comparison with them the light which flashes 
from the ruby, the emerald, the sapphire, or the topaz, 
appears dull and almost earthy. There are four or five 
stars which present this phenomenon with charming dis- 
tinctness. The brilliant Vega in the constellation Lyra, 
which rarely sets in our latitude, is one of these. At mid- 
night in winter, and earlier with the approach of spring,^ 
this splendid steel-blue star may be seen as it skirts the 
southern horizon, scintillating with red, and blue, and 
emerald light. Arcturus twinkles yet more brilliantly low 
down towards the north-east in our spring evenings. Capella 
is another notable scintillator, seen low down towards the 
north during the summer nights. But these, though they 
are the most brilliant northern stars, yet shine with a splen- 
dour far inferior to that of Sirius, the &mous dog-star. No 
one can mistake this noble orb as it rises above the southern 
horizon in our winter months. The vivid colours exhibited, 
by Sirius as it scintillates, have afforded a favourite imag^ 
to the poets. Homer compares the celestial light whiclM 
gleamed from the shield and helmet of Diomed to the rays 
of ^ Sirius, the star of autumn,' which ^ shines with a pecu- 
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liar brilliancy when laved by ocean's waves ; * and, to pass 
at once from the &ther of poetry to our greatest mo-iem 
poet, we find in Tennyson's * Princess ' the same image, 
where he say^of Arac and his brothers, that — 

As the fiery Sirius alters hue, 
And bickers into red and emerald^ shone 
Their monons, washed with morning, as they came. 

It is difficult to persuade oneself that these ever-changing 
tints do not really belong to the stars. But there is now no 
doubt that they are caused by our own atmosphere. Un- 
equally warm, unequally dense, and unequally moist in its 
various strata, the air transmits irregularly those coloured 
rays which together produce the light of a star. Xow one 
colour prevails over the rest, and now another, so that the 
star appears to change colour. But it is only low down 
towards the horizon that these changes take place to their 
full extent. In the tropics, where the air is more uniform 
in texture, so to speak, the stars do not scintillate unless 
they are quite close to the horizon, *a circumstance,' says 
Humboldt, ' which gives a peculiarly calm and serene cha- 
racter to the celestial depths in those countries.' 

But the stars are not wanting in real colours, caused by 
peculiarities in the quality of the light which they emit 
towards us. In tropical countries the colours of the stairs 
form a very obvious and a very beautiful phenomenon. The 
whole heaven seems set with variously coloured gems. In 
our latitudes, none but the brightest stars exhibit distinctly 
marked colours to the naked eye. Sirius, fiegulus, and 
Spica are white stars ; Betelgeux, Aldebaran, Arcturus, and 
Antares are red ; Procyon, Capella, and the Pole-star are 
yellow ; Castor exhibits a slightly green tint ; while Vega 
and Altair are bluish. Antares, which we have described as 
a red star, presents, when carefully watched, a greenish scin- 
tillation so peculiar as to have early attracted the notice of 

s 
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astronomers. The green tint of Castor had been found to 
arise from the fact that the star is double, and one of the 
components green. But, for a long while, powerful instru- 
ments failed to exhibit a companion to Antares. At length 
General Mitchell, with the great refractor of the Cincinnati 
Observatory, detected a minute green companion to this bril- 
liant red star — the Sirius of red stars, as it has been termed. 

But, as we have said, the stars which present distinctly 
marked colours to the naked eye in our latitudes are few and 
far between. It is in the telescope that our observers have 
to seek for a full view of the delicate phenomenon of coloured 
stars. When a survey is made of the heavens with a power- 
ful telescope, peculiarities well worthy of careful attention 
are revealed to the observer. We have seen that there are 
no stars visible to the naked eye which are decidedly blue or 
green. The ancients, also, recognised only red and white 
stars. In the telescope, this peculiarity is still observable 
when single stars only are looked at. We meet with som^ 
telescopic stars the depth of whose red coloiu: is remarkable. 
There are stars of a fiery red, of a deep blood-red, and of a 
full orange colour. There is a well-known star entitled the 
* garnet star.' And, in fact, every variety of colour, from 
white through yellow and orange to a deep almost dusky red, 
is met with among the single fixed stars. But there is no 
instance throughout the whole heavens of a single green, 
blue, or violet star. 

The case is altered when we come to examine those 
double, triple, and multiple stars the observation of which 
is one of the most pleasing employments of the amateur 
telescopist. Amongst these systems we meet with -all the 
tints of the rainbow, and with many colours which are not 
seen in the rainbow, such as fawn-colour, lilac, grey, and so 
on. * The attentive observation of the double stars,' writes 
the celebrated Struve (who detected 3,000 of these objects) 
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* teaches us that, besides those that are white, all the colours 
of the spectrum are to be met with.' 'Here we have a 
green star with a deep blood-red companion, there an orange 
primary accompanied by a purple or indigo-blue satellite. 
White is found mixed with light or dark red, purple, ruby, 
or vermilion.' Sometimes a single system offers at one 
view many different colours. Such is the case with the 
remarkable group detected by Sir John Herschel within the 
Southern Cross. It is composed of no less than 110 stars, 
which, seen in a telescope of sufficient size, appear, Herschel 
tells us, like 'a casket of variously coloured precious 
stones.' 

It will be well to examine some of the collocations of 
colour, that we may trace the presence of a law of distribu- 
tion, if such exist. 

We have said that blue stars are not met with singly in 
the heavens. Among double stars they are common enough. 
But they are generally small. When the larger star or 
primary is not white it is usually either red or yellow ; then 
the smaller star — or satellite, as we may term it — is fre- 
quently blue or green. But this is so far from being a law ' 
without exception that the more common case is to find 
both stars similarly tinted. Amongst 596 bright ' doubles,' 
StTw;e foimd 875 whose components were similarly coloured, 
lOl whose components presented colours belonging to the 
a, me end of the spectrum, and only 120 in which the 
> lours were totally different. 

Amongst double stars whose components are similarly 
ited, by far the greater number are white, yellow, or red. 
t; there are some instances of double blue stars; and 

'Ine southern heavens there is a group containing a mul- 

^de of stars, all blue. 

t. is impossible, therefore, to suppose that the blue 

»ur8 seen in multiple systems are due to the mere effect 

s 2 
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of contrast. In some cases this may happen, however ; or 
at any rate the eflTect of contrast may intensify the colours 
of each component of a * complementary double.' There is 
one very charming instance of complementary colours in a 
double star which may be separated with a telescope of very 
low power. We refer to the star Albireo on the beak of the 
Swan. The components of this star are orange and blue, 
the tints being well pronounced. It has been found that 
when one of the components is hidden the other still pre- 
serves its colour, though not quite so distinctly as when 
both are seen together. Another ' complementary double ' 
is the star y Andromedae. The primary is red, the sn>aller 
star green. In very powerful telescopes the smaller com- 
ponent is found to be itself double, and doubts exist among 
astronomers whether the two minute components of the 
lesser star are both green, or one blue and the other yellow. 
There is another double star very beautiful in a powerful 
telescope. This is the star « Bootis, on the Herdsman's belt ; 
it is called also Mirach, and, on account of its extreme 
beauty, Pulcherrima. The components are nearly equal — 
one orange, the other a delicate emerald green. 

One of the most startling facts revealed by the careful 
observation of the fixed stars is that their colour is not 
imchangeable. 

We may begin at once with the brightest of the fixed 
stars — Sirius. This star was known to the ancients as a 
red star. To its fiery hue may doul)tle8s be ascribed the 
peculiar influence assigned to it by ancient astronomers. 
At present Sirius is brilliantly and unmistakably white. 

We have not such decisive evidence in the case of any 
other noted star. But among telescopic stars, there have 
been some very remarkable changes. There are two double 
stars, described by the elder Herschel as white, which now 
exhibit golden-yellow primaries and greenish satellites. 
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That careful observer, Admiral Smyth, records also that one 
of the components of a double star in Hercules changed, in 
twelve years, * from yellow, through grey, cherry-red, and 
egregious red, to yellow again.' 

The questions may well be asked, Whence do the stars 
derive their distinctions of colour ? and by what processes 
do their colours change ? To these questions modem dis- 
coveries have supplied answers which, if not complete, are 
well worth listening to. 

It had long been suspected that the stars are in reality 
suns. It had been shown that their distance from us must 
be so enormous as to enable us to assign to them an intrinsic 
brilliancy fully equal in some instances, and in others far 
superior, to that of our own Sun. Nothing remained but 
that we should have some evidence that the kind of light 
they emit is similar to that which we receive from the Sun. 
This evidence has been supplied, though only of late years. 

We cannot here enter at length into an accoimt of the 

important discoveries of KirchhoflF and Bimsen, which have 

enabled astronomers to analyse the light emitted from the 

celestial bodies. It will be sufficient to remark that in the 

solar spectnun there are observed fine dark lines breaking 

the continuity of the streak of light, and that these lines 

■have been proved to be due to the presence of the vapours 

of certain elements in the solar atmosphere. The proof 

depends on the exact correspondence of numbers of these 

Xines, grouped in a complex manner (so as entirely to elimi- 

x&ate the possibility of a mere chance accordance) with the 

T3right lines seen in the spectra of light from the vapotu's 

of those elements. When once KirchhoflF and Bunsen had 

I^roved the possibility of exhibiting the same set of lines 

ither as bright lines on a dark ground or as dark lines on 

brilliant spectnun, all doubt as to their meaning in the 

^M>lar spectrum disappeared at once. 



262 ASTEONOMICAL ESSAYS. 

It has been found that in the Sun*8 atmosphere there are 
present the vapours of iron, copper, zinc, and nickel, be- 
sides calcium, magnesium, sodium, and other metals. But 
the vapours of tin, lead, silver, and gold do not appear to 
be present in the solar atmosphere. One of the most re- 
markable dark lines is due to the presence of hydrogen. 

But it has been found possible to extend these researches 
to the fixed stars. Drs. Huggins and Miller have done 
this successfully, and their discoveries afford a means of 
assigning very sufficient reasons for the colours of the 
brighter stars. By analogy also we may extend a similar 
interpretation to the colours of stars not bright enough to 
give a spectrum which can be satisfactorily examined. 

Let us take first the brilliant Sirius. This star belongs 
to the southern half of the celestial sphere, and although 
it becomes visible at certain seasons in our latitude, it never 
rises very high above the horizon. In fact, at its highest — 
that is, when due south — it is only twenty-two degrees 
above the horizon, or less than one-fourth of the way fron^ 
the horizon to the point immediately overhead. This pe -^ 
culiarity somewhat interferes with the observation of thci 
star by a method so delicate as that applied by the cele^^ — 
brated physicists we have named. On the other hand th. 
exceeding brilliancy of Sirius makes some amends for tix 
effects of atmospheric disturbances. By selecting vex-; 
favourable opportunities, Huggins and Miller were able t ~~ q 
analyse the star's spectrum, with the following result : — 

The atmosphere around Sirius contains sodium, magnesiuzE^^ 
hydrogen, and probably iron. 

The whole spectrum is covered by a very large number ^ of 
faint and fine lines, indicating a corresponding variety in tL.^^ he 
substances vaporised in the star's atmosphere. 

The hydrogen lines are abnormally strong as compor^^-sred 
with the solar spectrum, all the metallic lines being r»TK re- 
markably faint. 
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This last circmnstance is well worthy of notice, since it 
is a peculiarity charcusteristic of white stars — so that we 
begin already to find a hint respecting the source of colour 
or of the absence of colour in stars. 

Take next an orange-red star, the brilliant Betelgeux. 
The spectrum of this star was very carefully analysed by 
Huggins and Miller. They marked down the places of 
two or three hundred lines, and measured the position of 
no less than eighty. They found that sodium, magnesium, 
calcium, iron, and bismuth are present in the star's atmo- 
sphere, but the two strong lines which note the presence of 
hydrogen are wanting. 

Take next the yellow star, Pollux. The obser\'er8 were 
not able to obtain very satisfactory measures of this star ; 
but they established the presence of sodium and magnesium 
in the star's atmosphere ; and again the strong lines of 
hydrogen were foimd to be missing. 

But we are not entitled to assume that red and yellow 
stars are characterised by the absence of hydrogen from 
their atmospheres. On the contrary, the noted red star 
Aldebaran, the spectnmi of which was very carefully ana- 
lysed by Huggins and Miller, was found to exhibit the two 
lines of hydrogen with perfect distinctness. This star exhi- 
bited a richness in the construction of its atmosphere not 
presented by any other. The elements proved to be present 
are sodium, magnesium, calcium, iron, bismuth, tellurium, 
antimony, and mercury. It must not be supposed, in this 
or any other case, that other elements might not by a suffi- 
ciently laborious scrutiny be proved to exist in the star's 
atmosphere. The observations required, says Dr. Huggins, 
^ are extremely fatiguing to the eye, and necessarily limited 
to the stronger lines of each spectnun.' 

It is clear, however, from the above short list of examples, 
that a considerable variety exists in the physical constitution 
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of the fixed stars. This of itself affords a suggestive hint 
respecting the true explanation of the variety of colour 
which we have described. And the peculiarity that in the 
white stars the hydrogen lines are singularly strong, while 
the metallic lines are as singularly weak, is yet more to the 
point. Sirius was a red star. Was it at that time unlike 
present red stars ? Does it not seem more probable that, if 
there had existed in those days a Huggins or a Miller, and 
the instruments used so successfully by these observers had 
been invented, it would have been found that Sirius did not 
— when a red star — present peculiarities now observed only 
in white stars ? 

We recognise, then, the influence of time upon the spec- 
trum of this celebrated star, as probably tending to render 
the lines of hydrogen more distinct than of yore, and the 
lines of the metallic elements less distinct. But what is the 
meaning of such a change ? Suppose a chemist, for example, 
observing the spectnmi of the flame produced by the com- 
bustion of a compoimd body, should notice that the lines of 
some elements slowly increased in distinctness, while the 
lines of others grew fainter, how would he interpret such a 
phenomenon ? If we remembered only that the dark lines 
are due to the absorptive effect of the vapour they correspond 
to, on light which is trying, so to speak, to pass through the 
vapour, we might readily jimip at a conclusion, and answer 
that the extent of absorptive vapour is increasing when the 
lines are growing more distinct, and vice versa. But we 
must also consider that these lines are partly the effect of 
contrast. The lime-light held before the sun's disc appears 
hl^ck^ though so dazzling when seen alone. It may be, 
therefore — or rather we may say it certainly is the case — 
tliat those parts of the spectral streak which seem dark are 
in reality liuninous; or — ^which is merely another way of 
saying the same thing — that the vapours which absorb light 
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from the Bolar beams, send us light of their own. And so 
with stars. Therefore, we have this difficulty to contend 
against, — that there is no power of determining whether a 
change in the intensity of a line, or of a set of lines, is due 
to a variation in the light-giving power of the corresponding 
vapour, or to a variation in the quantity of vapour whose 
absorptive effects produce the lines. 

But, inasmuch as it resulted from Dr. Huggins' examina- 
tion of a temporary star which appeared last year, that the 
increttse of light — for it was only the abnormal brilliancy of 
the star which was really temporary — was due to a sudden 
outburst of inflamed hydrogen, it seems on the whole more 
probable that the incandescent vapours of stars bum with 
variable brilliancy, than that they vary in quantitative dis- 
tribution. 

As regards the constant colours of different stars, we are 
enabled at any rate to deduce n^ative results. 

For instance, we may dismiss at once the theory started 
some years ago by the French astronomer M. Doppler. He 
supposed that the colours of a star are due to the proper 
motions of the star, acting so as — in effect — to lengthen or 
shorten the waves of light proceeding from the star to the 
earth, just as the apparent breadth of sea-waves would be 
greater or less to a swimmer according as he swam with or 
against their course. It is quite clear that the effects of a 
motion rapid enough to produce such a change would be to 
shift the position of the whole spectrum, — and this change 
would be readily detected by a reference to the spectral lines.* 

* I may be pennitted to notice that this was among the earliest pub- 
lished references to the possibility of determining motions of recess or 
approach by the displacement of the spectral lines. Very shortly afterwards, 
Dr. Haggins had succeeded in applying the method, which be had been en^ 
deaTonriiig to do for some months before. I was, however, quite unaware of 
this when I wrote the above lines. I believe, in fact, his researches wero 
carried on altogether privately. 



266 ASTSOJOMSCAL EaSAT3 



Apart from thU, the coloor of a itar wookl not be changed 
bj iocb motion, the speetrnm being merelj dis|daced[, not 
affected in it^ charaurteriitks of eoloor. (See pu 275.) 

Another theory — chat the orange and red tints indicate a 
lower degree of temperature^— most alio be dianissed. For 
we have seen that the spectra of red itars indicate the 
presence of the vapoor of iron and other metals, and 
nothing bot an exceedingly high tempenture could vaporise 
these. 

It fleems clear that the difference of tint is due to the 
different arrangement of the dark lines — in other words, to 
an absolute difference of phvdcal constitution. ^ There is a 
striking difference,' remarks Uuggins, ^ between the effect on 
the colour of a star of such closely grouped and very dark 
lines in the green and blue part of the spectrum of Betelgeux, 
and of the corresponding part of the spectrum of Sirius, in 
which the dark lines are fisdnt, and wholly unequal to 
produce any noticeable subduing of the blue and green rays.* 

But we have still to consider the peculiarities presented 
by the double stars. We have seen that amongst the com- 
ponents of these there are observed some which present a 
distinct blue colour. It has been found possible to analyse 
some of these with the spectroscope. We have spoken of 
the charming double star Albireo, the components of which 
are orange and blue. Both have been analysed, — with this 
result, that the spectrum of the orange component is 
remarkable for the great strength of the lines in the green, 
blue, and violet^ while the spectrum of the blue component 
is equally remarkable for the great niunber of groups of fine 
lines in the orange and yellow. 

It would seem, then, that the complementary colours 
observed in certain double stars, indicate a sort of com- 
plementary distribution of elements which in our own Sun 
are associated equably and intimately. 
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And we mugt note here, in passing, that it is not absolutely 
necessaiy, as some have supposed, that, if there are systems 
of worlds circulating around such double suns, there should 
be any remarkable difference in the quality of light distri- 
buted to the planets, as compared with that which we 
receive from the Sun. Sir John Herschel has spoken of * the 
charming contrasts and grateful vicissitudes — a red or a 
green day for instance, alternating with a white one or with 
darkness, according as one or other or both of the stars 
should be above the horizon.' But if the dependent orbs 
swept in very wide circuits about their double sim, they 
would receive white light during nearly the whole of each of 
their days, since it would only be during a brief interval that 
either sun would be visible alone above the horizon. 

Of the deeply coloured stars which are visible with the 
telescope, none have been found sufficiently brilliant to 
admit of exact analysis. 

A peculiarity has been remarked by a distinguished modem 
observer which is worthy of careful attention. Many of the 
regularly variable stars, when passing into their phase of 
minimum brightness, exhibit a ruddy tinge which is very 
conspicuous in instruments of adequate power. It does not 
seem easy to explain this as due to any change in the 
vaporous constitution of. a variable star — since it seems 
difficult to show why such changes should occur at regular 
intervals. Yet this would appear to be more probable than 
that these changes are due, either to the rotation of the 
star itself and the presentation in a cyclic order of the 
different parts of an imequally illiuninated globe, or to the 
revolution round the star of an extensive vaporous mass 
whose interposition cuts off from us at regular intervals a 
portion of the star's light. 

It is remarkable that a large number of the known 
variable stars are red or orange. There is one notable 
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tfzceptum, hfjrmerer^ for Algol — the edAtaUd Tariable in 
M«<lii8a^§ bead — is a white star. 

It is probable that a carefiol eiaminafion of the fflars with 
^rij ^fflBcient * colour-tester' wcMild lead to the discovery of 
rriaDv caues of variation in colour. Adminl Smvth adopted 
a chroiciatic ccale of colour — ^bot a test of this sort is not 
Y^ry satisfactory. Opaque colours generaUy vary with time, 
no that it is impossible to say that two observersy even if 
they have used the same strip of coloured discs, have really 
made obser\'ations £urly comparable inter se. And it is 
further to be noted that there are many persons who find a 
difficulty and uncertainty in the comparison of stars, or 
brilliants, with opaque colour-scales. An ingenious student 
of science has suggested the use of chemical solutions, which 
can always be reproduced with certainty ; and he has de- 
scribed a method for forming an artificial star in the field oF 
view of a telescope, and for gradually varying the colour of 
the star until it should coincide with that of a fixed star 
whose colour we may desire to determine. The great objec- 
tion to the plan is its complexity. Coloured glasses, through 
which a small white disc within the telescope might be 
illuminated (just as the wires are illuminated in the ordinaiy 
transit telescope), would serve the same purpose much more 
simply.* The inquiry is an exceedingly interesting one, 
and Sir John Herschel has expressed the opinion that there 
is no field of labour open to the amateur telescopist which 
affords a better promise of original discoveries than the 
search for such variations as we have described. 

Fraser*a Magatime fat Janv&iy 1S6S. 

* This plan was proposed bj me in the Quarterly Journal qf Science, for 
October 1867, in the ' Chronicle of Astronomy/ An instrument of some such 
sort had been constructed earlier by Mr. Birt, who called it the komockro' 
matoscope. 
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NEWS FROM SIRIUS. 
There are certain problems in astronomy which have never 

m 

been satisfactorily solved, though they seem at first sight to 
present no features of special difficulty, or even to be quit« 
similar in character to other problems which have been 
found easy of solution. For example, astronomers were for 
a long time imable to determine the weight of the planet 
Mercury ; and the estimate now accepted is far from being a 
satisfactory one. Similar difficulties have been encountered 
in the attempt to estimate the weight of Venus and Mars. 
Yet these are the nearest of the planets ; and Jupiter, 
Saturn, Uranus, and Neptune, which are so much farther 
from us, have long since been accurately weighed. We have 
qeen, also,* that the features of Mars — his oceans, con- 
tinents, and polar ice-caps — have been satisfactorily deline- 
ated, whilst those of Venus, our nearest neighbour among 
the planets, remain altogether unknown. Again, we have 
learned what elements exist in many of the fixed stars, 
although the nearest of these bodies is more than 200,000 
times farther from us than the Sun ; yet we know nothing 
of the physical constitution of the planets, or even of our 
near neighbour the Moon. 

Amongst other problems which have hitherto appeared 
insoluble, is that of determining whether the stars have any 
motion directly towards or from the Earth. 

* See the Essay on Mars, p. 61. 
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We can form an estimate of the stars' transverse motions, 
because these result in an apparent change of place. And in 
the few instances in which we are acquainted with a star's 
distance, the knowledge of its apparent transverse motion 
enables us to ascertain the real rate (in miles per year) at 
which the star is speeding onwards through celestial space. 
It has been noticed, for instance, that a certain star called 
61 Cygni has an annual motion so considerable that in 
about 350 years the star would be shifted over a space on 
the heavens equal to the Moon's apparent diameter. Now jt 
happens that this star is one of the few with whose distance 
from us we are acquainted. In fact, so far as observation 
has yet gone, this star is nearer to us than any in the 
northern heavens. Knowing the star's real distance, we can 
translate the star's apparent motion into real transverse 
motion in miles per annum. When this has been done, it 
results that the star is moving over nearly 1,450 millions of 
miles annually, in a direction at right angles to the line of 
sight. This motion is equivalent to about 40 miles per second. 

But the star may really be moving much more rapidly 
through space. For, besides this transverse motion, it may 
liave a motion of approach or recession with respect to the 
Earth. A motion of this sort would, of course, produce no 
effect on the star's apparent position. The only effect it 
could have would be to increase or diminish the star's appa- 
rent brightness. But so enormous is the distance of the 
fixed stars that no effect of this sort could be expected 
to take place. For, let us suppose that 61 Cygni is 
approaching us at the rate above assigned to the star's 
transverse motion — that is, at the rate of 1 ,450 millions of 
miles in a year. This space, enormous as it seems, scarcely 
exceeds the fifty-thousandth part of the star's distance ; so 
that in a thousand years the star would not be nearer to m 
by more than one -fiftieth part of its present distance. 
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It seems, therefore, quite hopeless to look for inforroation 
respecting any motions of this sort among the fixed stars. 
For, if no evidence of motion towards or from us can be 
detected in the case of a body which is certainly one of the 
nearest among the fixed stars, it is still less likely to be 
afforded in the case of other stars. 

Yet the problem here presented is precisely the one whose 
solution we have to record. The manner in which the 
problem has been solved is deserving of careful study. We 
shall have to make some preliminary remarks, which at first 
sight seem scarcely to bear on the subject we are dealing 
with. 

It is known that light travels in a series of waves of 
extreme minuteness, and propagated with extreme velocity 
through an ethereal medium which occupies all space and 
the interstices of solid bodies. We know little of the 
habitudes of this ethereal medium ; in fact, we only know 
of its existence through its quality of transmitting light and 
lieat. So long as light and heat were supposed to travel 
ciirectly from the Sun and stars to the Earth, the existence 
of a fluid occupying the interstellar and interplanetary spaces 
could hardly have been suspected. But the case is different 
mow that the undulatory theory of light has been estab- 
lished. For, just as the transmission of the tidal wave from 
the Southern Ocean to our own shores is an evidence (and 
would be, of itself, a sufficient evidence) that the waters 
which wash our shores communicate with the southern seas, 
80 the &ct that light-waves from the Sim and from the stars 
reach our Earth, affords sufficient evidence that the medium 
in which they travel occupies, without break or interrup- 
tion, the interplanetary and interstellar spaces. 

The waves of light are, as we have said, exceedingly 
minute. It has been proved that their average length is 
about the fifty-thousandth part of an inch. But they are 
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not all of the same length ; and light-waves of different 
length produce light of different colours. There are some 
light-waves so long as the forty-thousandth part of an inch : 
waves of this length produce red light. There are others so 
short as the sixty-thousandth part of an inch : waves of this 
length produce violet light. Waves of the average length 
produce green light. And we may remark, in passing, that 
this is doubtless the reason why green light is so agreeable 
to the eye ; for the light-appreciating powers of the eye are 
called into fuller exercise in dealing with waves belonging to 
either extreme. 

It is not to be supposed that there are sudden limits to 
the length of the waves we are dealing with. Just as there 
are sounds which are too grave or too acute to be appre- 
ciated by the ear, so there are light-waves, or rather, we 
should say, there are forms of light which the eye has no 
power to appreciate as light. Such waves produce effects — 
heating, actinic, and chemical — but the eye does not recog- 
nise them as light-waves. 

Light travels at the rate of 180,000 miles per second, and 
the question may here arise — and will be found to have an 
important bearing on the subject of our paper — whether 
waves of different length travel at the same rate. This 
question must be answered, it should seem, in the affirma- 
tive. For, since light takes nearly an hour in travelling 
from Jupiter to us, it would follow, if there were any appre- 
ciable difference in the rate at which the longer and shorter 
light-waves travel, that the satellites on emerging from 
eclipse would not appear white. Suppose, for instance, that 
the longer light-waves travelled fastest, then a satellite 
immediately after eclipse would appear red, and gradually, 
as light of the other coloiurs of the spectrum came to rein-^ 
force the red light, the colour of the satellite would change^ 
from red through orange, buff, fawn-colour, and flushe(£> 
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white to pure white. Similarly, if the shorter light-waves 
travelled fastest, the colour of the satellite would change 
from violet through indigo, olive, russet, and greenish-white 
to pure white. As no such changes occur, we may assume 
with considerable confidence that light-waves of diflferent 
length travel at the same rate. 

We now have to consider a circumstance which may be 
aptly illustrated by the waves of the sea. If we imagine a 
stout swimmer urging his way amidst a wave-tost sea, or, 
rather, amidst a sea crossed by a succession of long rollers, 
we shall see that, according to the direction of his motion, 
he would be apt to form a different estimate of the rate at 
which the waves were travelling. It is clear that in the 
case, only, of his swimming in a direction parallel to that of 
the wave-fronts, would the waves seem to pass him at their 
true rate. If he swam facing them they would seem to 
travel more quickly, and if he swam with them they would 
seem to travel more slowly, than they would if he were at 
rest. Now, if he were not to consider his own motion, he 
would be led by these varying appearances to form varying 
estimates, not merely of the velocity of the waves, but of 
their breadth. The faster the wave-crests passed him, the 
narrower would the waves appear to be, and vice versa. 

It is obvious that similar considerations apply to any 

system of waves whatever. Take, for instance, the waves in 

jiir which produce sound. These travel at the rate of nearly 

1,200 feet per second If a sound be maintained at a given 

^itcfi — that is, by air-waves of given length — this sound will 

appear to vary in pitch according as the auditor is at rest, or 

moving towards or from the source of sound — if only, in the 

latter cases, the observer's rate of motion bears an appreciable 

proportion tq the rate at which sound travels. It was stated 

by the late Professor Nichol of Glasgow that the experiment 

has actually been tried. ' On the railway uniting Utrecht 

T 
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with Maarsen, were placed at intervals of something upwards 
of a thousand yards three groups of musicians, who remained 
motionless during the requisite period. Another musician 
on the railway sounded at intervals one imiform note, and its 
effects on the ears of the stationary musicians have been fully 
published. From these certainly — from the recorded changes 
between grave and the more acute^ and vice versd, confirm- 
ing even numerically what the relative velocities might have 
enabled one to predict — it appears justifiable to conclude 
that the general theory is correct, that the note of any sound 
may be greatly modified if not wholly changed by the velo^ 
city of the individual heaHng itj or, he should have added, 
by the velocity of the source of sound itself. 

Let us apply the same consideration to light-waves. We 
must first consider the velocity of light. It will appear, at 
first sight, hardly conceivable that any orb in the celestial 
spaces should be moving with a velocity bearing an appre- 
ciable relation to the enormous velocity with which light 
travels. Even the velocity of 61 Cygni — about 40 miles 
per second — would almost be rest as compared with a 
velocity of 180,000 miles per second. We may compare the 
relation between these unequal velocities to that between the 
velocity of the swiftest express train and a velocity of about 
20 yards per hour, or 1 foot per minute — a velocity scarcely 
exceeding that of the snail. If, therefore, we supposed the 
star 61 Cygni to shine with light having a constant tvave^ 
length — in other words, with nianochromatic light — we could 
not expect to detect any difference in the coloiu* of its light 
on account of any motion the star may have towards or from 
the earth. 

But a consideration connected with the words we have 
italicised renders the solution of our problem in this way 
altogether hopeless. Eeturning to our swimmer, if waves of 
every possible length between certain limits were passing him. 
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and he were only capable of noticing those which seemed to 
lie between much narrower limits of length, it would clearly 
make no diflference whether he swam with or against the 
course of the waves. And this case exactly corresponds witli 
that of the obser\'er on Earth. The astronomer, M. Doppler, 
who first suggested that the colours of the stars, and espe- 
cially of certain double stars, might depend on the stars' mo- 
tions of recession or approach, omitted to take this important 
circumstance into consideration. If we assume that a star 
were approaching us so rapidly that the waves of red light 
were apparently reduced in length so as to produce the effect 
of orange light, then the orange part of the stars light 
-would produce the effect of yellow light, the yellow of green, 
the green of blue, the blue of indigo, the indigo of violet, 
and lastly the violet part of the light would become inappre- 
ciable. So fer, then, there seems to be a change — in the loss 
of all the red part of the light. But as it is certain that 
there are light- waves of greater length than those which pro- 
duce red light, and that these waves by being apparently 
shortened could become appreciable to the sight and give the 
effect of red light, we see that there would be absolutely no 
change whatever in the colour of the light received from a 
star moving towards us even at the tremendous rate indicated 
by our supposition. 

Thus we seem to be no nearer the solution of our problem 
than we were before. 

But there is a peculiarity in the light received from the 
Sun and stars which remains to be mentioned, and which has 
led to a very satisfactory and trustworthy solution of the 
diflBcult problem we have been dealing with. 

It has been observed that the solar spectnmi is crossed 
by a multitude of dark lines parallel to each other and at 
right angles to the length of the spectinim. These lines 
are arranged in so complex a manner that each of the 

T 2 
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stronger lines, and every group of faint lines, is distinctly 
recognisable. Thus physicists speak of the strong line F in 
the green part of the spectrum, of the double line D in the 
orange part of the spectrum, of the group of seven lines in 
such and such a part of the spectrum, and so on. These 
lines never vary in arrangement or position. Corresponding' 
lines are seen in the spectra of the stars ; the spectra vary 
among themselves, but each spectrum remains constant as 
respects the arrangement of its distinctive lines. But note 
also that, although diflferent stars have diflferent spectra, yet 
these variations arise merely from tlie fact that certain lines 
are present in one spectrum and wanting in another, or 
vi<!e versa. The lines which do appear are the same lines 
wliich have been measured in the solar spectrum. Thus a 
physicist will say — In the spectrum of such and such a star 
the lines B, D, and F are well seen ; the existence of C and 
E is suspected, but these lines are very faint ; G and H are 
not seen. He knows that these lines are the same as those 
in the solar spectrimi, either because he has carefully esti- 
mated their position, or because he has brought the star's 
spectrum into direct comparison with the spectra of certain 
terrestrial elements in which these lines appear. 

Now here we have at once a most delicate means of de- 
tecting stellar movements of approach or recession. If in the 
spet'tnun of a star we can see a recognisable group of lines 
or a line recognisable by its strength, and if in any way we 
can prove that this line does not hold the exact position 
which it has in the solar spectrum, then the change of 
position must be looked upon as due to the star's motion 
towards or from the Earth. The shifting of the spectrum 
bodily, which, as we have seen, produces no change what- 
ever in the star's colour, brings all the lines into new 
positions, and any one line, marked enough for ready exami- 
nation, suffices as well as a hundred to determine the 
existence of such a change. 
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We need hardly say, however, that the inquiry, even 
under these favourable circumstances, is one of extreme 
delicacy. In the ordinary prismatic spectrum the change of 
position would be wholly inappreciable, and the eminent 
physicist who has just succeeded in solving the problem in 
the case of the star Sirius, had to make use of a spectroscope 
having a dispersive power seven times as great as that of a 
single eqmangular prism of crown glass, in order suflBciently 
to magnify the variation in question. This gentleman, 
Dr. Huggins, came to the examination of the problem we 
are considering, with a large amount of experience in 
spectroscopic researches ; yet it was a problem of such ex- 
treme diflSculty that much time was expended and many 
experiments were made before he could conduct his inquiry 
to a successful issue. 

Dr. Huggins first satisfied himself that a certain con- 
spicuous line in the spectriun of Sirius corresponds to the 
line F in the solar spectrum. This line also appears as a 
bright line in the spectrum of the light of hydrogen. The 
spectra of Sirius and of incandescent hydrogen were then 
brought side by side for direct comparison. With the 
powerful dispersing spectroscope made use of by Dr. Huggins, 
the line F in the spectrum of Sirius was foimd to be 
separated by about one two-hundred-and-fifbieth part of an 
inch from the corresponding line in the spectnmi of hydro- 
gen. The displacement was towards the red end of the 
spectrum, so that it indicated a motion of recession between 
the Earth and the star. 

Now the displacement having been measured very ac- 
curately, we are enabled to calculate the rate at which Sirius 
is receding from the Earth. The observed alteration is found 
to indicate a recession at the rate of 41*4 miles per second. 
JBut we must consider the Earth's motion also, because she 
moves so rapidly around the Sun as largely to afiect the 
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appaxeut motions of raoedrioD or approach which the stars 
jnay Lave with ret^pect to her. She trarek arcmnd her orbit at 
a mean rate of about eighteen mile» per second. At the time 
«'f I>r. HuggiIli^'^ obfeien'ation t}ie dlrecticm of the Earth's 
uiotioD wab 8uch that she vas receding from Sirius at the 
rate of about tvelve miles per second. Deducting this 
vrl<«citv from the total rate of recesnon, it results that 
Sinul^ ii^ receding from the Earth at the rate of about 29^ 
iiiileb per second, or about 930 millions of miles annually. 

Two circunifrtanc^ef have to be considered, however, l>efore 
wi-* i^n loi.»k upc*n the a<:tual motion of Sirius as determined. 

It hd^ been calculated that the Sun. witli ib» system of 
attendant orlttf^ is speeding thrc*ugh space at the rate of 150 
millions^ of milt^ per year. And it happen> that the point 
in t'pace towaId^ which thr Sun i* moving — which lies in the 
ciUslellation Hercule? — is alm<>st exactly oppr*site the con- 
stellation Canis Maj^r in which the star Sirius is situated. 
Therefore w«- mus^t dimini>h thtr abovr-mentioned motion of 
recession by nearly thtr wholt- amount of the Sun's proper 
motion, leaving to Sirius a pn/p^r muilun of re^xssion of 
a^j^jHt 780 JU'.Ui'ju* *jf u%kU4 per annum. 

Lastly, we must consider the transvtrr^ proper motion of 
Sirius. It follows from Hendfrs^^nV estimate of the distance 
of Sirius ( latflv conbrmed bv the r%«earches of Mr. Cleveland 
Abbe) that the star has a transverse motion of about 450 
millions of miles per juinntn. Combining this motion with 
the starts motion of reces^ion, we deduce an actual velocity 
through space of upwanis^ of one thousand millions of miles ^ 
in a year, or about thirty-three milc« per second. 

But it is rather from what is promised than from the in — ^j 
formation which has actually been obtained, that the process^ 
of inquiry so succesi^fully pursued by Dr. Huggins derive^ 
its chief interest. D»>ubtle^ the discovery that tl 
brightest star in the heavens is speeding onward with 
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enormous a velocity through space is in itself well de8er\'ing 
of our attention. But if it shall become possible — and we 
see nothing in the natiu*e of things which should prevent it 
— to determine in the same manner the motions of recession 
or approach of all the stars visible to the naked eye, then we 
shall have a fund of knowledge from which many most 
important £Bu;ts respecting the economy of the stellar system 
cunnot fail to be deduced. 

For, let us consider the nature of the knowledge which 
astronomers had already gleaned respecting stellar motions, 
aind the use to which they had applied that knowledge. 

They had obtained exact estimates of the apparent motions 
of the stars — or what is termed their proper motion — upon 
the celestial sphere. But, at first sight, these estimates 
appear almost valueless, so far as our views respecting the 
true motions of the stellar universe are concerned. For, 
first, as we have already mentioned, the motion thus indi- 
cated in any case might in reality be but a small portion of 
a star s true motion. And further, imless a star's distance 
Ix* known, the determination of the proper motion aflFords no 
indication whatever, even respecting the star's true trans- 
verse motion. Now there are not twenty stars in the whole 
heavens whose distances from us have been estimated in any 
way^ and there are not ten whose distances can be said to 
have been satisfactorily determined. Nor is there much 
probability that the list will ever be greatly extended. For, 
the distances of the fixed stars are so enormous that the 
powers of our best instruments and the skill of our best 
observers are taxed to the utmost to obtain — even in a few 
favourable instances — any information whatever respecting 
the minute and almost evanescent shifting of position on 
^^vhich the determination of a star's distance depends. 

And yet from the consideration of the imperfect informa- 
t-ion aSbrded by the stars' apparent proper motions, astro- 
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nomers have been able to deduce one of the most interesting 
astronomical discoveries yet eflFected. They have learned 
that the Sun with his attendant system is speeding onwards 
through space, in a certain direction which they have been 
able to assign, and at a rate of no less than 150 millions of 
miles per annum. A law also, affecting the general system 
of stellar motions, has been guessed at^ and has been con- 
sidered by many eminent astronomers to be supported by 
suflBciently satisfactory evidence. It has been supposed 
that the proper motions of the stars indicate a vast series of 
orbital motions around a point in space which does not lie 
very far from the star Alcyone — the principal star of the 
Pleiades. I am not putting forward this supposed law as 
standing by any means on a similar basis with the fact of 
the Sim's onward motion through space. Indeed, I think 
that the researches on which the law has been founded are 
far from being suflBcient to establish such an hypothesis. 
But what I wish to dwell upon is the circumstance that the 
observed proper motions of the stars, imperfect as is the 
evidence they afford, have yet led to the discovery of ontt 
important fact, and to the attentive consideration of a yet 
more important law of stellar motion. 

But now, if the method which Dr. Huggins has begun to 
apply should be extended to all, or even to a large propor- 
tion of the fixed stars, what important conclusions may we 
not hope to see deduced from such rfbservations. For, in the 
first place, the motions of the stars directly towards or from 
us are quite as significant as their transverse motions; 
secondly, we shall know more about the former motions than 
we have ever been able to learn about the latter ; and lastly, 
neither kind of knowledge considered separately could 
possibly lead to such satisfactory results as we may hope to 
gather from the knowledge of the actual motions of the stars 
through space. There now really seems a promise that one 
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day something may come to be learned respecting the move- 
ments of the sidereal mechanism. The constellations which 
now seem to be scattered without discernible law over the 
vault of heaven may be forced, perhaps, to reveal to us their 
secrets, the law of organisation which binds them into a 
system, the paths along which their component stars have 
been travelling before they reached their present position, 
and those along which they are to travel for many future 
ages. Meantime long processes of patient labour and 
systematic observation lie before the astronomer. Not in 
our day, nor perchance for many generations, will the 
Copernicus of the stellar system appear ; and for him 
astronomers will have to lay up during those long years a 
xich store of materials. ' How much,' says Sir John Herschel, 
' is escaping us 1 And how unworthy is it in those who call 
themselves philosophers, to let the grand phenomena of 
xiature — those slow but majestic manifestations of the power 
and glory of God — glide by unnoticed and drop out of 
Tnemory beyond reach of recovery, because we will not take 
the pains to note them in their imobtrusive and furtive 
passage, because we see them in their everyday dress, and 
mark no sudden change, and conclude that all is dead 
because we will not look for signs of life, and that all is 
uninteresting because we are not impressed and dazzled. To 
say indeed,' he adds, 'that every individual star in the 
Milky Way is to have its place determined and its motion 
watched would be extravagant ; but at least let samples be 
taken — at least let monc^raphs of parts be made, with 
powerful telescopes and refined instruments — that we may 
know what is going on in that abyss of stars, where at present 
imagination wanders without a guide.' 

Fraser's Magazine for October 186S. 
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EQUAL'SURFACE PROJECTIONS OF THE GLOBE* 

In this paper the term ' projection ' is to be understood in 
the sense used in mapping — viz. to signify any method of 
construction by which the meridians and parallels of a map 
may be laid down. 

Since it is impossible to represent any portion of a globe 
without distortion, the map-maker seeks to satisfy the condi- 
tions which seem most important for the particular purpose 
he may have in view. Thus he may propose to himself the 
construction of a map in which distances measured from the 
centre, or along a latitude-parallel, shall be correctly given, 
as in the equidistant projection, and in Flamsteed's pro- 
jection, respectively ; or in which errors of distance shall be 
distributed as equally as possible ; or he may aim chiefly to 
obtain correctness of shape, either in large figures — a problem 
approximately solved in the conical projection, or in small 
figures, a problem completely solved in the stereographic and 
Mercator'a projections, and which may be solved in an in- 
definite number of ways; or, again, he may propose that 
certain lines on the globe shall be represented by straight 
lines in the map — as great circles and rhumb-lines, for in- 
stance, are represented in the gnomonic and Mercator'a pro- 
jections respectively. These and many other problems may 

♦ The following essay, though not strictly astronomical, is introduced here 
as illustrating the method of charting which I have used in discussiug the 
laws of stellar and nebular distribution. 
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l)e proposed, and maps constructed to fulfil such conditions 
will have a special value for special purposes. The problem 
I now propose to examine is that of the construction of maps 
in which equal areas on the globe shall be represented by 
eijual areas on the map. M. Babinet, who first proposed 
8uch a construction, called it the homolographic projection 
of the globe ; the term iaographic seems preferable, how- 
ever. 
* It is stated in Nichol's ' Cyclopaedia of the Physical 
iScienc^' that Cauchy, the celebrated mathematician, solved 
Babinet's problem, though it is not easy to see what difticulty 
Babinet could have found, since the problem admits of many 
simple solutions. I am unable to say whether Cauchy's 
solution corresponds with any of those I am about to indicate. 
The advantages of isographic projection for special pur- 
poses are obvious. Maps thus constructed are not necessarily 
much distorted ; but of course when the whole of the 
£$phere is represented in a single projection, as in the figures 
-vThich illustrate this article, the distortion is very great in 
parts of the map. 

The method illustrated in Fig. 15 results from the solution 

of the following problem: — Two neighbouring latitude- 

-parallels being taken, including between them a veiy narrow 

"belt of surface, required to find a point on the polar axis 

Irom which this belt would be projected into a ring of equal 

area on the north-polar tangent-plane. The solution of this 

problem gives a formula from which it results that each such 

belt must be projected from a diflferent point ; * in other 

words, that there is no single point for which any finite area 

* The formula i8*«2r/l + cu)g_j where r is the radius of the sphere, X iho 

mid-latitude of the helt, and x the distance of the point of projection for the 
{•elt, from the north pole of the sphere. The plan had already been described 
by Sir John Herschel in his noble work, Observations made at the South Cape, 
I was not aware of this; however, when I wrote the above lines. 
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of the globe can be isographically projected. But tlie com- 
plete projection can be obtained in an elegant manner by a 
sort of double (true) projection. Imagine a hemispherical 
shell of twice the radius of the sphere standing on the centre 
of its ciir\'ed surfece upon a horizontal table ; let the sphere 
be placed within the hemisphere, the north pole of the sphere 
coinciding with the point of contact of the hemisphere and 
table, so that the axis of the sphere is vertical, and the south 
pole coincides with the centre of the hemisphere. Now sup- 
pose both the sphere and the hemispherical shell to be trans- 
parent ; the meridians, continent-outlines, &c., on the sphere 
opaque ; and that a luminous point placed at the south pole 
of the sphere casts shadows of the opaque lines upon the 
hemispherical shell; then, if these shadows be traced in 
opaque lines, and the liuninous point be removed vertically 
upwards to an indefinite distance, the lines traced on the 
hemisphere will be orthographically projected as shadows 
upon the plane table. Now it is easy to show that any small 
area on the sphere is increased by the first process, and the 
increased area diminished in the same proportion by the 
second process, so that the area of the final projection is 
equal to the true area on the globe — in other words, the final 
projection is isographic. 

The construction for this projection is simple. If the 
meridians and parallels are to be drawn to every tenth degree, 
proceed as follows : — Describe a circle with a radius equal to 
twice that of the globe to the scale of which the projection 
is to be drawn; divide the circumference to every fifth 
degree ; draw a pencil-line from the centre to one of these 
divisions, and a series of other pencil-lines — ^which will cross 
the first at right angles — connecting divisions equidistant 
from the first on either side of it ; describe circles concentric 
with the first through the points in which the first straight 
line is crossed by the others — these are the parcMels ; and 



EQUAL-SDEFACE PEOJBCTIONS OF THE GLOBE. 285 




286 ASTRONOMICAL ESSAYS. 

lastly, draw straight lines from the centre to alternate divi- 
sions round the outer circle — these are the meridians. In 
othf^r words, if we omit alternate meridians in the polar 
orthographic projection of the meridians and parallels of a 
h^vii^phere to every fifth degree, we have the meridians and 
parallels of the polar isographic projection of a complete 
sphere to every tenth d^ree. We may now darken the 
middle parallel, which represents the equator, mark in the 
tropics and arctic circles in their proper places, as shown by 
the dotted circles, and draw in the continents and islands 
according to their proper longitudes and latitudes. It is 
convenient also to darken two meridians at right angles to 
each other ; for this purpose we may select the meridian 
separating the old and new hemispheres (so called) from 
each other, and the meridian at right angles to the former. 
In other words, the darkened meridians and parallels of 
Fig. 15 (as of the other figures) correspond with the cir- 
cumferences and the horizontal and perpendicular diameters 
of the maps of the two hemispheres commonly given in our 
atlases. 

The method illustrated in Fig. 16 is an extension of Flam- 
steed's projection to the whole globe. The construction is 
simple,: a series of equidistant parallels represent the 
parallels of latitude, a perpendicular cross-line representing 
a meridian bisects all the parallels, which are made equal 
in length to the actual parallels on a globe of the scale of the 
figure, the distance between them being also equal to th« 
true distance separating successive parallels on such a 
globe. The parallels being divided into equal parts, corre- 
sponding points of division are connected by curved lines 
representing the meridians, as shown in Fig. 16, in which 
meridians and parallels are laid down to every tenth degree. 
It is obvious that this projection is equigraphic, for the 
spaces near the central meridian represent the corresponding 
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spaces on the globe both in size and shape, and all the spaces 
between any pair of parallels are equal, though they vary in 
shape, for each may be divided into two imequal triangles, 
and we see that the greater and less triangles of any one 
space are equal to the corresponding triangles of another, 
since they have equal bases, respectively, and lie between the 
same parallels. 

The last method is founded on the property that if a 
sphere is enclosed in a cylinder, any two planes parallel to 
the base of the cylinder enclose between them equal belts of 
surface of the sphere and cylinder. Now, suppose that the 
polar axis of a globe is the axis of the enclosing cylinder, 
and that this axis is luminous, but can only emit rays of 
light at right angles to its own length ; then, if the meridians, 
continent-outlines, &c., are opaque and the sphere trans- 
parent, shadows of these lines will be cast on the enclosing 
cylinder, the points on each parallel of latitude being pro- 
jected in the plane of their parallel, owing to the supposed 
"peculiarity of the luminous axis. If the cylinder be now 
opened along a line parallel to its axis and imrolled, we shall 
obtain the isographic projection represented in Fig. 17. 
The construction is simple. Taking a horizontal cross-line 
to represent the equator, and therefore equal in length to the 
circumference of the globe, we divide it into equal parts and 
through the points of division draw perpendiculars repre- 
senting the meridians ; these must be equal in length to the 
diameter of the globe, and must be bisected by the equator. 
On the outside meridians describe semicircles (in pencil), 
and divide their circumferences into half as many equal 
parts as the equator was divided into, and through corre- 
sponding points of division draw parallels to the equator ; 
these represent latitude-parallels, and in Fig. 17 meridians 
and parallels are drawn to every tenth degree. 

There are many methods by which the globe may be iso- 
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graphically projected ; the three just described are, however, 
the simplest in construction, and, in some respects, the best 
that can be devised. Tlie qualities of these projections, and 
the purposes wliich maps formed upon them are best suited 
to fulfil, are different. 

In the first projection we have a very accurate map of the 
nortli polar regions ; the northern hemisphere is presented 
without great distortion, but all the outlines of the southern 
hemisphere are much distoiled. The projection can, of 
course, be applied to the southern quite as well as to the 
nortliem hemisphere ; however, as the greater portion of the 
land lies north of the equator, the northern is obviously the 
proper pole for the centre of the projection, if only one map 
is to be drawn. It is not advisable to present the northern 
and southern hemiapheres in two maps, since one of the 
chief advantages of this as of most polar maps, is that it 
indicates the connection between the diflFerent parts of the 
globe. It would be well, however, supposing maps of this ^-^ 
sort were to be introduced into atlases, either to give two^:^^^ 
maps of tlie complete sphere, or at least to supplement th^^. 
north polar map witli a map of southern regions from th^ ^^^ 
pole to the tropic of Capricorn. 

Such a map as Fig. 15, on a suitable scale, would form ^ 

useful addition to works on physical geography. Consider^ --•y 
for instance, the following extracts from Humboldt.:za»t'8 
* Cosmos : ' * The superficial extent of dry land, compared wit*^ th 
that of the liquid element, is as 1 : 2*8, or according to Pi(jnn ^jj 
as 100 : 270.* The islands form scarcely one twenty-thi- ^fird 
part of the continental masses, which are so unequally dr ^jp- 
tributed tliat the northern hemisphere contains three tin ^lj 
as much land as the southern, which is pre-eminently oceaiKzuiaic, 
.... The liquid element predominates equally in the sps .-^ace 
comprised between the eastern shores of the old and tie 

* According to others, 100 : 284. 



h. 
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western shores of the new continent, where it is only inter- 
rupted by a few scattered groups of islands. . . . The 
southern hemisphere and the western, from the meridian of 
Teneriffe, are therefore the most oceanic portions of the 
globe.' ' The two great insular masses or continents — eastern 
and western, old and new — present some striking contrasts, 
and, at the same time, some analogies worthy of notice. 
Their major axes are in opposite directions ;' the eastern ex- 
tending from east to west, the western from north to south, 
roughly. ' On the other hand, both continents are terminated 
towards the north, nearly on the seventieth parallel ; and 
towards the south run into pyramidal terminations, having 
submarine prolongations indicated by islands and shoals.' 
Some of these remarks, it will be noticed, are satisfactorily 
illustrated by a map on Mercator's projection, others by any 
jnap on an isographic projection ; but the polar isographic 
projection is the only satisfactory illustration of the complete 
series of remarks. 

I may notice, in this connection, a remark of Hiunboldt's, 
^hich illustrates the singular liability even of the best ob- 
servers to error when intent on establishing a favourite view. 
JIumboldt, in labouring to establish the prevalence of law in 
the figuration of the continents, adduces the following in 
stance : — * We perceive,' he says, ' that the terminations of 
the three continents, i.e. the southern extremities of Africa, 
Australia, and America, successively approach nearer to the 
South Pole;' apparently not noticing that three promon- 
tories round a globe must necessarily exhibit such successive 
approach, either in an easterly or westerly direction. In 
fiwjt, the arrangement actually observed is exactly that which 
seems least indicative of law, since the points of Africa and 
America, which are those separated by the shortest diflFerence 
of longitude, are also those which differ most in latitude. A 
law might seem to be suggested if Africa extended to a 

u 
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southern latitude intermediate between the latitudes limiting 
Australia and South America, or (in a less d^pree) if South 
America extended to a latitude intermediate between the 
latitudes limiting Australia and Afirica. In either case, 
however, the certainty that the three points must lie in 
order would be sufficient to weaken any evidence founded on 
the diflFerent distances (in longitude) between them. Hum- 
boldt adds, that ^New Zealand seems to form a r^^ular 
intermediate member between Australia and South America.' 
But if New Zealand is to be considered in such an inquiry, 
then Madagascar, which is larger than all the New 2^ealand 
islands together, must also be considered ; and the assumed 
law is not followed in the case of Madagascar. If it be 
argued that Madagascar is clearly only a ^ submarine pro- 
longation ' of Africa, it may be answered that it is quite as 
clear that Australia itself, and all the islands of the Australian 
Polynesia, are only submarine prolongations of the Asiatic 
continent (see Fig. 15).* 

Such a projection as that of Fig. 15 is especially adapted to 
illustrate works on the physical geography of the sea, ^ce 
the correct presentation of areas is obviously important in 
illustrating the subjects treated of in such works ; and it is 
also importg,nt that currents, tidal wave-fronts, tracks of 
ships, &c., should be presented without the breaks which 
occur in maps on Mercator's projection. There are many 
passages, for instance, in Maury's * Physical Geography of 
the Sea * which seem to require the illustration afforded by 
maps on the polar isographic projection. I will select one 

* It may be noticed that the mathematical chance of four promontories round 
a globe forming a regular progression, either in an easterly or westerly direction, 

is |rd, of five ^, of six ^, and so on ; the chance of n promontories forming 

2 
such a progression, in either way, being |~Ji, where I *»- ^ means the continued 

prcxluct of the natural numbers from 1 to n — 1 . In other words, the • odds * 
against these respective events are 2 to 1, 11 to 1, 59 to 1, and (J !j»_iJ — 1) tc 
1, respectively. 
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on a subject of some interest. In this case the illustration 
afforded by the north polar map is such as to throw doubt on 
conclusions, which, judged by Mercator's chart, seem suffi- 
ciently plausible : — 

In the earlier editions of this interesting work Captain 
Maury had expressed the opinion that there exists ^ a basin 
of considerable extent in the Frozen Ocean, supplied by water 
coming in at the bottom, and rising up at the top, with a 
temperature not below 28**, the freezing point of sea-water.' 
He cited in evidence the fiicts that * whales have been taken 
near Behring's Strait with harpoons in them bearing the 
stamp of ships cruising on the Baffin's Bay side of the 
American continent ; ' that ' icebergs high above the water,' 
and therefore extending more than seven times as far below 
the surfiatce, *have been seen drifting rapidly northwards 
through Davis' Strait against a strong surface current,' * 
showing that there is a powerful under-current towards the 
North Pole ; that De Haven saw a * water-sky ' northward and 
westward from Wellington Channel ; and, lastly, that the 
birds and animals of arctic r^ons migrate northwards in 
search of milder climates.^ This last circumstance, by the 
way, does not afford such strong evidence as at first sight it 
appears to do, since, owing to the peculiar disposition of the 
autumn and winter isotherms, a course very nearly northerly 
would in many cases be the proper course for arctic birds 
and animals seeking the nearest spots combining a suitable 
climate with the conditions suited to the existence of these 
creatures. For instance, the shortest course from Parry 
Islands to Spitzbergen, with its comparatively mild winter 
climate, would pass very near the North Pole. However, it 
may be considered as established, that (in summer certainly, 

* Even in midwinter. Thus Captain Bancan, of the whale-ship ' Dundee/ 
* December 18th (1826). It was awful to behold the immense icebergs 
orking their way to the north-east from us, and not one drop of water to b« 
: they were working themselves right through the middle of the ice.* 
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and possibly in winter) large open seas exist in the arctic 
regions. 

But in treating of this subject in later editions, Captain 
Maury has gone much further, as the following extract 
shows : * Dr. Kane reported an open sea north of the parallel 
of 82**. To reach it his party crossed a barrier of ice 80 or 

100 miles broad Passing this ice-bound region by 

travelling north, he stood on the shores of an iceless sea, 
extending, in an unbroken sheet of water, as far as the eye 
could reach, towards the North Pole. Its waves were dashing 
on the beach with the swell of a boundless ocean. The tides 
ebbed and flowed in it, and I apprehend that the tidal wave 
from the Atlantic can no more pass imder this icy barrier to 
be propagated in seas beyond, than the vibrations of a 
musical string can pass with its notes a " fret " upon which 

the musician has placed his finger These tides, there- 

fore, must have been born in that cold sea, having their 
cradle about the North Pole ; and we infer thai most, if not 
all, the unexplored regions about the Pole are covered with 
deep water ; for were this unexplored area mostly land, or 
shallow water, it could not give birth to regular tides, ^ 

It may be true, though it seems far from probable, that a 
vast arctic ocean occupies all the unexplored regions near 
the North Pole : but the * birth of tides in that cold sea ' is 
certainly not established by the evidence adduced. Referring 
to Fig. 15, tlie reader will see, to the left of the central dark 
meridian, a strait, opening into the arctic regions within the 
eightieth parallel. It was here that Dr. Kane saw an open 
sea extending as far as the eye could reach to the north and 
north-east, with land (the most northerly yet seen) in the 
north-west. About as far to the right of the dark meridian, 
and just south of the eightieth parallel, is the island of 
Spitzbergen ; above, on the next dark meridian, is Nova 
Zembla; beyond that again, Liakhov Island, about as far 
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firom Behringfs Strait (between Asia and America) on the 
Asiatic side as are the Parry Islands on the American side ; 
and next to the Parry Islands is the strait from which we 
started. Now it is necessary, for the purposes of Maury's 
argument, that it should be proved that there is no com- 
munication between the place reached by Dr. Kane and the 
Atlantic Ocean on the one side, or the Pacific Ocean (through 
Behring's Strait), on the other ; in other words, that a land- 
locked or ice-boimd ocean surrounds the North Pole, and that 
this ocean is so large that the attractions of the Sun and 
Moon on different parts of it are sufficiently unequal for the 
generation of tides.* Now it seems clear to me that even if 
the whole of the unexplored regions about the Pole were 
covered by a deep land-locked ocean, yet no appreciable tides 
could be generated in an ocean so situated. But an arctic 
(land-locked) ocean must be much more contracted ; for 
Captain Parry sailed on an open ocean between Liakhov 
Island and the Parry Islands, and Captain M'Clure proved 
that sea commimication exists between Behring's Strait and 
the Parry Islands. Therefore any land or fixed ice locking 
the supposed arctic tidal ocean on this side must lie within 
10** or 12® of the North Pole. But a far stronger argument 
against Captain Maury's view may be derived from the 
results of Sir E. Parry's celebrated sledge excursion from 
Spitzbergen ; for although Parry saw no open sea north of 
the eighty-first parallel, yet his expedition proved the exist- 
ence of open sea as far north as the eighty-fifth parallel (at 
least) ; and therefore not only contracted to this extent the 
space within which a land-locked arctic ocean (if any exist) 
must be confined, but established the probability that open 
sea communication exists between the Atlantic and the point 
reached by Dr. Kane. 

♦ It ia clearlj only by such inequality of attraction that tides can be gene- 
z*;ated in a land-locked polar sea. 
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Let us see how these results may be deduced from the very 
. circumstance which led to Parry's failure. Starting from 
'^pitzbergen in the boats * Enterprise' and 'Endeavour,' the 
lition sailed northwards for three days ; but ice gradually 
)ring round them, they commenced a ' boat and sledge' 
jouHBiy over a vast body of ice. After five weeks of labour, 
duringv. which they travelled 290 miles northwards, they 
foimd tmij^the distance from the starting-point was only 172 
mile^, the southerly drift of the whole field of ice over which 
they had been laboriously tracking their way having carried 
them back 118 miles! They had reached latitude 82|" 
north, and they could see no sign of clear water in any 
direction. Now, remembering that an experienced arctic 
sailor can detect a 'water-sky' long before open water 
can be seen, we may safely assume that the field over 
which they had travelled so far extended fully fifty 
miles farther north, and as far to the east and west. But 
this is not all. The point they had reached must have been 
118 miles farther north when they started, since the whole 
field had travelled southwards by that amount. Therefore 
the open sea communicdting with the Atlantic, on which 
their vast ice-ship wajB floating freely, had, when they started, 
extended at least 168 miles further north than latitude 82|**, 
or further north than the eighty-fifth parallel (half-way 
between Spitzbergen and the Pole — see Fig. 15). It was 
precisely in this direction that Dr. Kane saw open water as 
far as the eye could reach — say twenty or thirty miles. The 
fact that so large a field, probably extending at least 100 
miles from east to west, drifted freely for 118 miles, seems to 
prove that the sea on which it floated is deep, for otherwise 
islands or shallows would probably occur which would check 
the motion of large fields of floating ice. In fact, the 
voyages of Hudson (1607), Buchan and Franklin (1818), and 
Scoresby (1806) had suflBced to establish the probability that 
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a vast offshoot of the Atlantic valley extends far towards the 
North Pole ; and it was in this sea, in latitude 76^ north, 
that Dr. Scoresby sounded to the depth of more than a mile 
and a half without finding bottom. It seems, therefore, far 
more probable (to say the least) that open sea communication 
exists in summer between the point reached by Dr. Kane and 
the great sea that washes the shores of Iceland and Spitz- 
bergen — in other words, that Greenland is an island — than 
that the tides seen by Kane were bom in a land-locked 
arctic ocean, and had their cradle near the North Pole. 

There are several purposes for which the projection of 
Fig. 16, independently of the advantage it possesses as an 
ilpgiaphic projection, seems better suited than Mercator's. 
instance, it would exhibit isothermal lines, lines of equal 
barometric pressure, and other such lines, more cor- 
ly both as respects their length, and as respects the 
between successive lines. 
The projection of Fig. 17 has the advantage of simplicity 
oonstruction, and the map being divided into rectangular 
it is easy to determine, by a few simple measurements, 
areas of continents, countries, oceans, or seas. 
Any other point might be adopted for the centre of the 
ion of Fig. 15, but the construction for the meridians 
parallels would no longer be simple. The same remark 
|]^Qllie8 to the projections of Figs. 16 and 17, if any other great 
le than the equator is adopted for the central line ; but 
ooorse any other meridian may be assumed as the central 
ineridian without varying the construction. 

One other point remains to be noticed. If the distances 
between successive meridians were uniformly diminished in 
any of these projections, so that Fig. 15 became a sector 
instead of a circle, and Figs. 16 and 17 were uniformly 
contracted horizontally on both sides of the central meridian, 
the projections would still be isographic. For special pur- 
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poses such changes may be useful. Some arrangementjs of 
Fig. 15 may be noted in particular. If, instead of a complete 
circle, a semicircle be divided into thirty-six equal angles, 
the parallels remaining unchanged, the spaces near the 
equator will have very nearly their true figure, and the 
distortion near the South Pole will be diminished by one-half. 
This semicircle can be formed into a cone by bringing 
together the bounding radii (considering the semicircle as a 
sector), and the connection between different parts of the 
globe can thus be indicated as clearly as in Fig. 15. But a 
still better representation of the globe may be formed by 
taking two equal sectors of about three right angles, dividing 
each into thirty-six equal angles, describing parallels up to 
the equator, and drawing in the continent-outlines of the 
northern hemisphere in one sector, and of the southern 
hemisphere in the other. If the two sectors be formed into 
cones,* and these joined along the equator, an isographic 
representation of the globe on a double cone will be formed, 
the vertices being the Poles. The construction of these 
figures, or of others formed in a similar manner firom sectors 
of varying angles (or constructed on other projections), 
would form an interesting and instructive employment for 
the yoimg geographer. 

Intellectual Observer for July 1866. 



* The vertical angle of either cone will be a right angle, if the angle of either 
sector is 254^°. In this case the axis of the double cone will be equal in length 
to the diameter of the equator, and the distortion will not be very great in any 
part of the projection. In the case first considered (of a semicircle) the vertical 
angle of the cone would be 60^. 
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A NOVEL WAY OF STUDYING THE STARS. 

The celestial depths have been studied during many ages, 
and by means of various instruments. They have been 
mapped and charted and guaged, and the laws according to 
which the stars seem to be distributed have been carefully 
studied with the object of determining the real arrangement 
of these orbs throughout space. But so far as I am aware 
it has never yet occiurred to astronomers to apply to the study 
of the heavens two simple and perhaps insignificant instru 
ments, by means of which I have lately been endeavouring 
to elucidate the subject of stellar distribution. I think I 
may safely claim to be the first who has sought to interpret 
the secrets of the heavens with the aid of a pair of scissors 
and a trustworthy balance. 

Lest the reader should be tempted to dismiss at once all 
consideration of such trivial methods of research, let me re- 
mind him, in passing, that these simple instruments have 
already been employed to solve an important problem of ter- 
restrial physics. All our books on geography speak of the 
proportion between the oceans and the continents of our 
Earth, but the simple contrivance by means of which this 
proportion has been determined is not so commonly men- 
tioned. On a reference to Humboldt's Cosmos it will be 
found that the method of procedure was as follows : — From 
the strips of paper intended to cover an ordinary terrestrial 
globe the parts representing land were carefully cut out with 
a pair of scissors ; they were then placed in a delicate balance 
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and weighed ; the same was next done with the remainder of 
the paper — that is, the part representing oceans. The rela- 
tion between land and sea surfaces followed at once from the 
relation between the observed weights of a few seemingly in- 
significant scraps of paper. 

It had long since occurred to me that a similar method 
might be applied to the strips of paper intended to cover a 
celestial globe. One could thus determine the relative rich- 
ness with which stars are spread over certain regions of the 
heavens, or ascertain the actual extent of such regions as 
the Milky Way, the great nebular districts, and so on. 

But there was one objection to the plan. It was rathei^, 
costly. We can readily obtain a copy of Messrs. Malby t ^^ , 
Star- Atlas, in which the strips for covering a globe are in.^:^ • 
eluded ; but when we have this valuable work we are Bcaxcel M^^^. 
disposed to cut up the beautifully engraved maps. Nor^^^^^ 
again, is it easy when a nimiber of small portions of thj^^^i 
heavens are thus presented in diflFerent maps to complete tH^c^ 
process of dissection by which the extent of different regio^^;-^ 
is to be determined. And then there is not, as in the case ^^ /> 
a terrestrial globe, one question only to solve ; there are hi^^^^]^_ 
a-dozen at least, and each would involve the sacrifice ot^ ,^f ^ 
firesh atlas. 

Fortimately, there is a way of getting over this difficul^^ _ty. 

It is possible to map a hemisphere — nay, the whole heav-^^^^ens 
if we will — on a plane sur&ce, in such sort that every sf^^nace 
on the heavens shall cover its true relative proportion of the 

map. This mode of mapping is not at all suitable for the 

ordinary purposes which maps are intended to subserve ; ^^ for 
this true representation of superficial proportion is aecf^mired 
only by introducing a very marked distortion of the sh'm^ipgf 
of different regions. Everyone knows how strangely cfo. 
torted the British Isles are in an ordinary map of the ea^rtem 
hemisphere ; but these isles would be even more eingixhrfy^ 
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shaped in maps on the particular projection I am now refer- 
ring to. 

It is clear, however, that mere distortion is of no import- 
ance where one seeks only to determine the relative dimen- 
sions of different regions. Most fortimately too, the plan of 
projection is a very simple one, and the constructions involved 
are remarkably easy.* 

It will be seen at once that by such a contrivance one can 
determine the relative dimensions of any part of the celestial 
sphere without sacrificing an atlas or a globe. It is necessary 
first to map down the two hemispheres, each on a large sheet 
of good paper uniform in texture. Then all the paper out- 
side each circular map must be cut away, and each map 
weighed. Of course the two maps would be of equal weight 
if each sheet were of the same thickness. But large sheets 
of drawing paper, even though of the same general quality, 
often differ appreciably in weight ; and it is well, in such 
researches as I am describing, to weigh each map separately, 
so that afterwards one can compare the weight of any 
part with the weight of the map from which it has been 
cut. 

Let it be noted, in passing, that this plan can be adopted 
for testing the relation between land and sea surfaces ; and 
it is probable that more trustworthy results would be obtained 
by carefully drawing the northern and southern hemispheres 
on such a projection as I have described, and cutting out 
continents and islands, than by applying the same process of 
' section to the nimierous strips required for covering a globe. 

Let us now consider the various astronomical questions 
which the process of weighing may help to answer. 

During the last few years I have been led to recognise 

* There are several methods of drawing a map of a complete globe, in such 
a way that all spaci's shall be presented of their true relative dimensious. 
See preci'ding essay on Ecjual-Surface Projections. 
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^ several peculiarities in the distribution of the stars visible to 

the naked eye, peculiarities which appear to be opposed to 
the ordinarily accepted theories respecting the sidereal system. 
For example, there is a tendency among such stars to asso- 
ciate into streams and groups, and clustering aggr^;ations, 
covering, perhaps, several constellations, or at least distin- 
guished, by the extent of space they cover, from such clusters 
as the Pleiades or the Beehive in Cancer. Then, again, there 
are regions of the heavens where stars are sparsely distri- 
buted, lying side by side sometimes with other r^ons in 
which stars are spread with unusual richness. One other 
peculiarity of this sort is in an even more marked manner 
opposed to those ordinarily accepted views according to which 
the lucid stars form but, as it were, the threshold of the great 
sidereal system guaged by the Herschels. Over the Milky 
Way, whose light, according to those views, comes from 
multitudes of stars lying at distances immeasurably exceed- 
ing those of the lucid stars, the latter yet seem spread so 
much more richly than over surrounding regions as to suggest 
the idea that in truth they are immersed amid the groups of 
faint stars whose united lustre produces the milky light of 
the galaxy. It is obviously a matter of great moment to 
determine whether this relation is apparent only or real; 
since if it be real it follows inevitably that the faint stars in 
the Milky Way are for the most part really small and not 
merely faint from vastness of distance. 

And here, at the very threshold of the inquiry, a problem 
presented itself for solution which my new method — the 
'scissors and balance method' let it be called— was com- 
petent to solve very easily. I think there is no work on 
astronomy in which the actual extent of the celestial sphere 
occupied by the Milky Way is referred to, or in which any 
estimate of this extent is given. It is clear that by ordinary 
methods the determination of the surface of so strangely 
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complicated a zone as the galaxy, with its convolutions and 
broken branches, and those islands of light and lakes of dark- 
ness pictured in Sir John Herschel's Southern Obaervationaj 
^ould be a matter of great difficulty. But it is an exceed- 
ingly easy matter te cut out from a map the parts marked 
down as belonging te the galaxy, and te weigh those parts 
stgainst the rest of the map. 

In this way I found that the southern half of the galaxy 
covers one-eleventh of the southern hemisphere, while the 
northern half of the zone covers one-tenth of the northern 
hemisphere. I had anticipated a different result, since the 
southern part of the Milky Way seems te cover a larger space 
than the northern ; but repeated trials led always te the same 
result ; and when a tracing of the two half-zones had been 
made on a single sheet of paper, the northern portion was 
always foimd te outweigh the southern. The fact is that the 
remarkably wide range of the Milky Way over the southern 
constellations Scorpio and Sagittarius is more than com- 
pensated by the extensive lacuncB in this region. 

It follows that the whole of the galaxy covers between 
one-tenth and one-eleventh of the heavens. This I believe 
is the first estimate that has ever been formed of the pro- 
portion. 

To turn, however, te the express object of the new mode 
of research — ^the determination of the relative richness of 
stellar distribution in diflFerent parts of the heavens. 

It was necessary in the first place te mark in all the stars 

A?'isible te the naked eye. There is no perfect list of such 

stars, but the British Association Catalogue of 8,316 stars is 

supposed to contain all but a very few of the lucid stars. 

Jlemoving the telescopic stars from this list — that is, all the 

stars below the sixth magnitude — there remain 5,850 stars 

of the first six orders. To mark in, in their proper places, 

80 many as 5,850 stars is a work requiring much time, if 
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carried out directly from the catalogue itself. CoosideriDg 
that the maps of hemispheres would have no value at all 
except for the particular inquiry I was upon, the labour 
involved would have been somewhat disproportioned to the 
antecedent probability that the results would be of interest. 
But for this, and my very limited leisure, the results I am 
about to present would have been obtained three or four 
years ago. The recent completion of my atlas, however, 
rendered it possible for me to mark in the 5,850 stars on the 
projections of the two hemispheres much more easily and 
quickly than if I had worked directly from the catalogue. 

Having completed this work, I placed each map upon six 
large sheets of drawing paper, of uniform quality and tex- « 
ture, and pricked off all the stars upon the six sheets at::^,^^^^. 
once. These pin-hole maps were to be cut to pieces, *'^<^^,^:>nd 
their fragments weighed. It will be noticed that, as no i^^fe^-^::^], 
was used in marking the stars, there was no addition to th»,c^^ .1 
weight of the paper, though I by no means assert that tJur^^i. 
inquiry was one of such extreme delicacy that the additioDr «:^^»i 
weight of the inknapots would have appreciably affected ttgy^r 
result. 

The first process of weighing and counting was applied j ^ 
the Milky Way. I was particularly anxious to test the tn^i^^^jj 
of a view which I had put forward long since, that the lu^ ^ndd 
stars are much more thickly strewn on the Milky Way th^^^jj^ 
over the rest of the heavens. In most works on astrono^r:::a)njy 
the contrary is asserted. Sir John Herschel's clear vii^a^ gjQj, 
had not failed, however, to recognise the peculiarity, auj 

accordingly we find, in his * Outlines of Astronomy,' fj^ 

expression of an opinion that the lucid stars do rnnpr- g^i^ 
somewhat more thickly than elsewhere, upon and near tc L_3 the 
Milky Way. It is worthy of notice, though, that ic^ 4^ 
wonderful work on the ' Southern Heavens ' (a perfect ^toi^ 
house of astronomical facts) he mentions as the resulb o/« 
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systematic process of inquiry, that the lucid stars do not 
congregate on or near the galactic zone, and that, in fact, 
the condensation of stars on that region begins only to be 
marked and obvious after we have passed the ninth and 
-tenth orders of star-magnitude. It is very important to 
Tiotice this seeming discrepancy. Both opinions are per- 
fectly just. If we treat the galaxy as a zone, taking a 
xmiform band of the heavens along the region covered by the 
contorted and complex streams of the Milky Way, we do not 
find any signs of greater aggregation of lucid stars either on 
the zone itself or in its neighbourhood ; and yet, looking at 
the Milky Way as it actually appears in the heavens, we do 
find signs of such aggregation. It is because the aggrega- 
tion follows the contortions and complexities of the Milky 
Way itself, while the gaps and Idcunce are left relatively 
clear of lucid stars, that both the statements made by Sir 
John Herschel are justified. The richness of stars on the 
Milky Way is counterbalanced by the sparseness of their 
distribution close by ; so that when we take a uniform zone 
covering the Milky Way and also its gaps and laeiince, we 
fail to recognise either the richness of one region or the 
poverty of the other. The indications which might guide us 
to important conclusions are placed completely out of view 
by the process of taking averages : the irregularities of the 
field we are working over and surveying are smoothed away 
just where it is most important that they should not be lost 
sight of. 

Now let us see what the new method tells us as to this 
interesting subject of inquiry. 

We have seen that the southern half of the Milky Way 

covers one-eleventh part of the southern hemisphere. It 

contains no less than 618 lucid stars. So that if the whole 

heavens were strewn with equal richness there would be 

twenty-two times 618 lucid stars, or 13,596 instead of the 



304 ASTRONOMICAL ESSAYS. 

.5,850 actually observed. The northern pert of the Milky 
Way covers one-tenth of the northern hemisphere^ and 
contains 497 stars ; so that if the whole heavens were strewn 
with equal richness there would be twenty times 497 stars, 
or 9,940 instead of 5,850. 

Taking the whole of the Milky Way, we find no less than 
1,115 stars in a space covering between one-tenth and 
one-eleventh of the celestial sphere. * So that if the whole>^^,^^ 
heavens were spread as richly with stars there would 
about 11,650 stars, or almost twice as many as are actually 
observed. 

But now a very singular result has to be noticed. In th*,^^^^ 
dark gaps and lacunce in the Milky Way there are very fe^^-^^ 
lucid stars indeed. There is no reason, according to accepte^^^ 
views, why lucid stars should avoid these gaps ; on the rnr^^ jj^ 
trary, they might be expected to be spread rather richly r g^ 
near the galactic zone; but, as a matter of fact, they 
wanting there. I weigh the ^ coal sacks,' as the lacunce ^^^^ 
termed, and also the space between the two streams of t-::r:rhe 
Milky Way where it is double, and I find that these regicrrDng 
cover in all about one sixty-second part of the whole celestzrr^ial 
sphere. Upon them there are found but twenty lucid si 
So that if the whole heavens were not more richly strewn 
stars, there would be but 1,240 visible stars instead of 5,1 

It surely is a most significant fact that, whereas the 
Way itself is so thickly strewn with lucid stars that the wl 
heavens, spread as richly, would contain 11,650 stars, the 
lacunce and gaps are so poverty-stricken that, were the celes- 
tial sphere as poorly spangled with stars, we should see im 
1,240, or less than one-ninth the former number. To under- 
stand the meaning of this result, the reader must remember 
that, according to accepted views, there is no antecedent reason 
whatever for expecting that the absence of that nebulous light 
which comes from telescopic stars should involve an absence 
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of lucid stars. The telescopic stars are supposed to be very 
much further off than the lucid orbs; so that such an associa- 
tion as I have described is as surprising and unexpected as 
though the clouds on a summer sky should seem arranged in 
lines and cross-lines, corresponding to the bars and sashes of 
a window through which we viewed those clouds. 

We have only to read Sir John Herschel's words having 
reference to the supposed proof that no such relation exists, in 
order to feel the full significance of the now established fact 
that the relation is exhibited in a very marked manner. Sir 
John Herschel, by taking zones over the Milky Way, instead 
of the Milky Way itself — a perfectly just course, be it re- 
marked, if only the accepted views are just — found, as 1 have 
mentioned, that * the tendency to greater frequency, or the 
increase of density in respect of statistical distribution, in 
approaching the Milky Way, is quite imperceptible among 
stars of a higher magnitude than the eighth ' . . . and that 
' it is with the eleventh magnitude that it first becomes con- 
spicuous.' He then proceeds (still reasoning very justly so 
&r as the imperfect evidence he was dealing with is con- 
cerned) : — 

' Two conclusions seem to follow inevitably from this ; viz. 
first, that the larger stars are really nearer to us (taken en 
masae^ and without denying individual exceptions) than the 
smaller ones. Were this not the case, were there really 
Sfcmong the infinite multitude of stars composing the remoter 
portions of the galaxy, numerous individuals of extravagant 
eize and brightness, as compared with the generality of thoee 
siround them, so as to overcome the effect of distance and 
uppear to us as large stars, the probability of their occurrence 
in any given region would increase with the real apparent 
density of stars in that region, and would result in a pre- 
ponderance of considerable stars in the Milky Way, beyond 
what the heavens really present, over its whole circumference. 



306 ASTROXOMIOAL ESSAYS. 

Secondly, that the depth at which our system is plunged in 
the sidereal stratum constituting the galaxy, reckoning from 
the southern surface or limit of that stratum, is about equal 
to that distance which, on a general average, corresponds to 
the light of a star of the ninth or tenth magnitude, and cer- 
tainly does not exceed that corresponding to the eleventh.' 

Both these conclusions are inevitably controverted by the 
evidence given by the new method of inquiry. For it is to 
be noticed that there is no question as to which result (of 
two which seem contradictory) should be preferred. The new 
method not only supplies the just result, but explains how the 
erroneous result has been obtained. We have only to apply 
the new method to a zone over the Milky Way instead of to 
the actual convolutions of that stream, to obtain precisely the 
same result as that on which Sir John Herschel founded the 
two conclusions described above.* In this way, not only the 

* It may be as well, perhaps, for me to point out that in thu« commenting 
with perfect freedom on the views of the most eminent astronomer of our day, one 
whose works I hare read again and again with ever-increasing delight and 
instruction, I take the course which seems to me at once the most straight- 
forward and the most respectful. It is no compliment to our great men 
to expi«8S objections to their views in a tone implying that they value their 
own opinions more than truth. It has chanced — very much to my surpriM 
— that I have been somewhat severely, and, as I think, very unjustly, 
rebuked by a well-known student of astronomy for so plainly discussing the 
views of otht^rs. To me this criticism is not merely objectionable — it is wholly 
unintelligible. There has never lived a man of science, however eminent— 
not Newton himself, nor Bacon, nor Humboldt, nor Laplace^ — who has not 
adopted erroneous views. In the nature of things it must be so. To men of 
this stamp — to a Herschel, an Airy, or an Adams— far more than to men of 
inferior attainments, the idea of being always in the right appears, indeed, 
egregious in its absurdity. As facts are accumulated, it is as absolutely certain 
that the views of our great men will have to be in part or wholly modified, as 
that science must be progressive and not stereot}T)ed. That, under these 
circumstances, it should be thought offensive to exhibit the bearing of new 
truths upon views admittedly formed on imperfect evidence, and to do this in 
the simplest and most straightforward manner possible, seems to me pre- 
posterous. Certain I am that our great men have no reason to thank any who 
wouhl speak of them as though their fame were a plant of tender growth which 
the breath of free discussion would wither. 

It may be suggested that now views can be put for\i*ard without mentioning 
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lacuncB and gaps have tx> be added, their poverty counter- 
balancing pro tanto the richness of the Milky Way, but the 
singularly bare r^ons bordering on the Milky Way near 
Aquila and Cygnus, and from Auriga past the feet of Gemini 
to Monoceros, have also to be included. It is plain that by 
thus combining poor and rich regions together, we get an 
apparently average degree of richness for the whole zone. 
We smooth away, as I have said, the very irregularities from 
which we have the best chance of detecting the true laws of 
the sidereal system. 

The inevitable inference from the evidence obtained by the 
new mode of research is, that there is some association 
between the clusters of minute stars which produce the milky 
light of the galaxy, and the lucid stars which aggr^ate so 
richly amid those clusters. The apparent association is too 
marked not to warrant us in believing that a real associa- 
tion exists. Those minute stars are not then far out in space 
beyond the lucid stars, as had been supposed: they are, there- 
fore, not so large as the lucid orbs, but owe their faintness to 
real relative minuteness. 

There is but one escape from this conclusion — the possi- 
bility, namely, that the observed arrangement is only due to 
an exti-aordinary coincidence. I shall presently have occa- 
sion to exhibit the overwhelming nature of the antecedent 
probabilities against such coincidences, and I think I shall 
be able to convince the reader that, even as respects a single 
instance, no such explanation would be available, while the 
peculiarities of distribution which remain to be considered 



the vievs of others. This may seem — to those who have nerer had occasion 
to pat forward new views — to be the case. But on trial the reverse appears. 
It not only seems most nncourteous to present new views without mentioning 
the contrary opinion of eminent anthoritieSf but it leads a large number of 
readers to conceive that the new views are simply put forward in ignorance of 
the fact that this or that authority had adopted other opinions. 
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place any interpretation by a reference to mere chance-distrio 
bution altogether out of the question. 

Several years since I had noted the existence of star- 
streams outside the Milky Way, the components of the streams 
being stars of the first five orders of magnitude. Many of 
these streams are sufficiently obvious to have attracted the 
attention of astronomers in long past ages — insomuch that in 
the old maps of the heavens the nature of these streams was 
supposed to be adequately represented by the introduction of 
the river Eridanus, the winding serpent Hydra, the band 
between the Fishes, and the streams from the water-can of 
Aquarius. In the southern heavens the prolongations of 
some of the star-streams are singularly marked. I ventuied 
to entertain the view that, contrary to the opinions hitherto 
expressed, these star-streams are not to be explained as due 
to mere accident — to the apparent association of stars at 
very different distances and not actually associated— but are 
really streams of stars in space. 

It was objected (not unjustly) by the Savilian Professor of 
Astronomy, that these streams can be ^made to go anywhere:' 
one obserx'er might opine that a stream extended in a veiy 
marked way in one direction, while another would recognise 
its real prolongation along an array of stars lying in quite 
another direction. 

There is not the least doubt that this is the case. In &ct 
the star-«treams might be more justly described, in many 
instance^as star-reticulations; and, like all reticulations, these 
can be traced out in many different ways. This, however, 
by no means proves that the association of stars into these 
streamv reticulations is due to mere chance distribution. 

But it was further urged that, if the streams are real, they 
otigfat to be more and more marked the fiurther we extend the 
process of charting — that is, the lower the orders of magni* 
tude included in our maps. Here, I must admit, I was not 
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at one with the objectors. It seemed clear to me that, on 
the contrary, the introduction of stars of the lower orders of 
magnitude might be expected to destroy all signs of orderly 
arrangement. For it must be remembered that, according to 
my yiews, the sixth-magnitude stars include a number of orbs 
which are in reality small compared with the stars of higher 
orders, and also a number of stars which are faint only 
through excessive distance. And therefore it was clearly to 
be anticipated that the commingling of two sets of stars so 
perfectly dissociated from each other would result rather in 
rendering the evidence perplexed and confusing than in 
throwing any new light on the question of the star-streams. 
Again, even supposing that nearly all the sixth-magnitude 
stars were really smaller than those of the leading orders, 
and were intimately associated with these, it by no means 
followed that the signs of such association would result in 
making the star-streams more marked. To take a parallel 
instance : if we consider the greater branches of a tree, we 
recognise at once the branch-shaped figure of the spaces they 
occupy ; but if we consider the smaller branches as well, we 
find that the general shape of the space occupied by the tree 
is no longer branch-like ; and if we extend our consideration 
to the leaves, and so come to regard the tree as a whole, we 
recognise the space it occupies as anything but branch-shaped, 
though the branches really exist all the same. In like manner 
if we study the river system of a continent, we find the 
regions traversed by the great streams to be winding and con- 
torted, and in some sort resembling the streams which flow 
through them. But the regions fed by the complete river- 
system of a continent are not stream-shaped, for in fact they 
constitute the continent itself. So that it might very well 
happen, or rather it was to be expected, that the regions over 
which stars down to the sixth magnitude are spread with 
exceptional richness would not resemble streams at all, but 
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(seen as they are — near and distant portions alike — ^projected 
on the background of the celestial sphere) would only be 
recognisable as great clustering aggregations extending over 
several constellations. 

It was with some confidence that such a result would 
appear that I mapped the 5,850 lucid stars contained in the 
British Association Catalogue. But there were reasons for 
feeling doubtful. No evidence had hitherto been obtained 
on the subject. Any one who studies the heavens themselves 
instead of maps will see at once how difficult it is to form 
any clear conception of the laws according to which the 
fainter orders of lucid stars are distributed. Nor were any 
maps in existence from which clearer conceptions could be 
formed. 

As the work progressed I found marked signs of special 
laws of aggregation. These laws were of an unexpected 
character. Besides the aggregation of stars along the Milky 
Way, already referred to, I foimd that two roughly circular 
regions exist, one in the northern and one in the soutiiem 
hemisphere, within which stars are spread with greater rich- 
ness than elsewhere. The southern rich r^on is further 
remarkable, first on account of its extent, and secondly as 
surrounding, but not quite concentric with, the larger of the 
two Magellanic Clouds. The northern is smaller, and its 
centre lies near a singular projection of the Milky Way in 
the direction of the Lesser Bear. 

Within a week of the completion of the maps, I was able, 
in a lecture delivered at the Boyal Institution, to assert 
definitely that these rich regions exist, though at that time I 
had not had leisure to construct maps suited for the applica- 
tion of the method discussed in this paper. 

Now let us examine the results obtained by the new metliod 
of research. 

The rich northern region covers the constellations Cepheus, 
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Cassiopeia, Lacerta, and portions of Gameleopardalis, Cygnus, 
and Draco. It contains 622 stars, and the ^balance' shows 
that it covers rather more than one-seventh of the northern 
hemisphere (more exactly, three twenty-second parts). If 
covered with equal richness the whole heavens would contain 
more than 9,050 stars instead of 5,850. 

The rich southern region is much larger. It covers, in 
fact, exactly half the southern hemisphere. The centre of 
the region lies between the Southern Pole and the greater 
Magellanic Cloud, so that the borders of the region lie farther 
from the South Pole, towards Eridanus and Argo, than on 
the opposite side towards Scorpio and Sagittarius. This 
r^on contains no less than 2,467 lucid stars, the surround- 
ing part of the southern hemisphere, though fully equal to 
the rich region in extent, containing but 893 stars, or little 
more than one-third the number contained by the rich region. 
So that if the whole heavens were bespread as richly with stars 
as the latter region, there would be 9,868 visible stars ; whereas 
if they were bespread no more richly than the surrounding 
regions, there would be but 3,572 visible stars ! 

But what makes this result even more remarkable is the 

fact that the poverty of the outer region is referable to two 

portions lying along the very borders of the rich region. 

Where the Milky Way crosses the outer region there is no 

exceptional poverty, but (as might be inferred from what has 

been already stated respecting the Milky Way) a relative 

richness of distribution. It is where the borders of the rich 

r^ion cross Cetus and Eridanus, and again on the opposite 

side, where they approach Hydra, that the poorest regions of 

the southern heavens are to be found. 

In order to render these contrasts more obvious, I cut out 
fio much of the richest portion of the rich southern region as 
covered the same extent as the small northern rich region.* 

* It is conrenient in these researches to deal with regions of equal extent ; 
and obrioniily the new method lends itself very readily to this requirement. 
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I further cut out the two very poor regions just referred to, 
taking so much of them as covered the same extent. I thus 
hud three portions of the southern heavens, each (as measured 
by weight) of equal extent ; but one richly, the other two 
sparsely strewn with stars. On counting the actual number 
of stars (or pin-holes) I found that the first contained 895 
stars, while the two latter contained severally but 161 and 
216. So that stars are spread more than five and a-half 
times as richly over the first as over one of the poor r^ions, 
and more than four and a-half times as richly as over the 
other. 

The very rich region here selected extends over the keel 
of the ship Argo from Ganopus to Crux, and northwards 
towards the Greater Dog. It is of this region that the well- 
known astronomer Captain Jacob remarked that when it had 
risen above the horizon the efiect of its light could be re- 
cognised, even when the eye was not directed towards it, pre- 
cisely as though a yoimg moon had risen. But it was the 
glory of the Milky Way here, and of the brilliants Canopus 
and Sirius, tliat was supposed to occasion this effect, not the 
richness with which stars of the lower lucid orders are spread 
over the region. 

In the northern heavens the poorer regions are somewhat 
more diffusely distributed. But there are two long and 
somewhat straggling regions, one extending from Corona and 
Serpens over Bootes to Leo, the other extending from the 
Dolphin, over Pegasus, the head of Andromeda, and Pisces, 
towards Orion, which are not less poverty-stricken than the 
two southern r<^ons described above. Taking regions here 
of the same actual extent* (measured by their weight as 

Bince one can snip round the borders of a region until its sixe has been reduoed 
— as mea8iiri<d by its weight — to that of another region. 

* For this purpose it whs necessary to carry the former region slightly into 
the southern hemisphere, the overhipping portion eztouding to but not txenching 
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before), I find that the former contains 175 stars, the latter 
201. It will be remembered that the rich northern region, 
though covering no greater space, contains 622 stars, or more 
than three and a-half times as many as one, and more than 
three times as many as the other. 

If the above results be presented in a tabular form, their 
full significance will be recognised. For symmetry I add a 
northern region corresponding to the large southern region, 
though not covering quite half the northern heavens. It 
includes the rich northern region, and in addition part of 
Andromeda, Perseus, the Cameleopard, the Lion, the Greater 
Bear, the Northern Crown, Hercules, and Lyra. It contains 
1,420 stars, and covers five-elevenths of the northern hemi- 
sphere ; and in the following table is referred to, like the 
great southern region, as the central region of its proper 
hemisphere. The numbers in the second column represent 
the total number of visible stars which would appear over 
the whole heavens, if stars were as richly strewn throughout 
as in the particular regions referred to in the first column : 
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upon one of the southern poor regions. It is noteworthy that dividing the 
heavens into two hemispheres is unfavourable to the completeness of the con- 
trasts above insisted upon. I hope soon to have leisure to prepare two equa- 
torial hemispheres on a projection of similar properties, to correct this defect. 
Yet the evidence as it is is suiilcicntly convincing. 
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But it may be argued that, after all, these results are 
perhaps merely due to chance distribution ; very strange 
combinations have been known to result accidentally — why 
need any peculiarities in the distribution of the stars be in- 
sisted upon as necessarily pointing to the existence of special 
laws of aggregation? Since there are several thousand stars, 
it would be strange (an objector might urge) if some more 
or less remarkable peculiarities did not present themselves. 

It is precisely the largeness of the number of stars dealt 
with by the new process which assures us that the observed 
peculiarities are not due to accident. 

To take one of the less remarkable peculiarities noted 
above. We have in the northern and southern central re- 
gions twice as many stars as in the remaining regions. Now 
the former do not between them cover one-half of the 
heavens ; but let us, for the sake of simplicity, assume that 
they do. And, still farther to simplify matters, let us 
suppose that there are exactly 6,000 visible stars, of which 
4,000 fall within this particular half of the heavens, and 
2,000 in the remainder. This closely corresponds to the 
observed case, and differs from it only in a sense unfavour- 
able to my argument. 

Now supposing 6,000 points are to be spread at random 
over a globe, it is quite clear that, as each point is marked 
in, the chance that it will fall on any given half of the 
heavens is exactly equal to the chance that it will fall on 
the other half. So that we might measure the chance of 
such a state of things as we have actually found to exists by 
comparing it with a very commonplace process — the tossing 
of a coin. We have only to inquire what the chance would 
be that, on tossing a coin 6,000 times, there would be at least 
as many as 4,000 heads (or tails).* Now it might seem that, 

* Some consideration voqM har^ to be given to th«> fact that the rich r^nu 
arv setci'ted, vere it not that their ruughly circular form is quite suffideot to 
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since it id no unusual thing to see as many as four heads or 
tails in tossing a coin six times, there would be nothing very 
surprising were 4,000 heads or tails to appear in 6,000 toss- 
ings. The actual chance of such a result is so inconceivably 
minute, however, that all ordinary modes of representing it 
&il me. Supposing there were a bag with a million white 
balls and but one black ball in it, the chance of drawing the 
black one at random would be thought sufficiently minute. 
But to represent the chance of tossing either heads or tails 
4,000 times at least in 6,000 trials, we should require a bag 
exceeding in volume many million times the whole of the 
sidereal system as fjEir as the most powerful telescopes have 
yet penetrated, and this bag must be filled with white balls 
so tiny that a million of them would not be as large as a pin's 
head, only one black ball (as minute as the others) being 
present throughout its whole extent. The chance of drawing 
that one tiny microscopic black ball out of that universe of 
white ones would exceed the chance that in any given set 
of 6,000 tossings there would be 4,000 heads (or tails) at 
least.* 

It will be conceived, therefore, how unspeakably minute is 
the chance that the observed relation among the fixed stars 
is due to mere chance distribution. 

We are forced then to accept as the legitimate conclusion 
from the evidence, the theory that within the limits occupied 
by the lucid stars there are streams and clustering aggregations 
of stars, and not that general uniformity assumed in the 



preyent anytliing like a special selection and combination of all the richest 
regions, for comparison with all the poorest regions taken together. 

* The calculation of the exact chance would be laborious in the extreme. 
The above result corresponds to a calculation in which all the processes are 
simplified — but in such sort as to increase the chance. The real chance is un- 
doubtedly far more minute. Yet the fraction actually resulting from this 
approximate calculation has, with unity for numerator, a denominator con- 
taining no less than 132 figures. 
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accepted theories. We have also been compelled to adopt 
the opinion that the milky light of the galaxy comes from 
minute stars, amidst clusters of which lie the lucid stars 
that are so densely strewn along the Milky Way. These 
conclusions alone, if accepted — and I can see no possible way 
of accounting otherwise for the observed relations — ^amount 
to a revolution in the science of sidereal astronomy. They 
not only oppose themselves completely to the accepted 
theories, but they point to altogether novel modes of dealing 
with the problems presented by the stellar hosts. The method 
of taking averages is discredited, and more cautious modes 
of inquiry — modes of piecemeal research, so to speak — are 
suggested as advisable. It may be worth while to notice that 
some time since I pointed to the importance of the conclu- 
sions which result from a careful analysis of the minute 
apparent motions of the fixed stars. Those conclusions cor- 
respond perfectly with the conclusions arrived at in tlie 
present paper. One mode of research confirms the other. 
But there are yet other processes of inquiry, by which the 
details of the sidereal system, the hitherto neglected minutice 
of the heavens, can be made to exhibit to us grand and as 
yet unthought of laws of stellar distribution. I commend 
such inquiries to the attention of those who have more leisure 
than I have to pursue them. 

FVaser*s Magazine for October 1870. 
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I DISTRIBUTION OF THE NEBULA. 

I Bathib more than two years ago, a paper by Mr. Cleveland 
I Abbe, on the distribution of the nebula; in space, waa read 
I before the Astronomical Society. That paper includod a valu- 
I ftble oontribation to science, in the form of a titbiihir state- 
I ment exhibiting the manner in which the irresrilviible nebula; 

I axe distributed over the celextial sphere. A few weeks Ix^fore 

I I had sent to the editor of the SimU}it a paper on the siiniG 
I salyect. Until this paper and four others dcalinjr with the 
I diatribution of matter throughout that portion of space which 
I &ll8 Tithio our cognisance hitd appeared, I did not feel at 
I liberty to bring before the Societycertain views which had been 
I fora long time in my thoughts. Owing to the press of other 
Imatter, and especially of other astronomical matter in the 
1 5itu(2«nf,the series of papers wasonlycomph'tcdin April 18()9. 
I This is, therefore, the earliest opportunity I have had of kuIw 
Imitting the views I speak of to the judgment of the Knjiil 
I Astronomical Society. 

I The three pairs of maps which accompany this pajior 
l(PIateB III., rV., aTid V.) have been firmed from tlie vabi- 
I able table prepared by Mr. AMte ; but it is worthy of notice 
I that their teachings differ in no important res[»e('t from 
I those conveyed by maps which I formed from a similar 
Iteble prepared by Sir John Herschel many yearn ayo. 
lit IB important that this should be attended to, Ix'cause 
1(1) RerBchel'g table was formed from a catalogue of only 
881S nebiilee, while Mr. Ablie's was formed from a catjilogue 
of 5079 nebula; (2) Hcrschcrs tabulation corrcspondcnl to a 
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division of the sphere into spaces of 1** in B.A. by 15** in 
Dec!., while Mr. Abbe's took spaces of only 30" in R.A. and 
10® in Decl. ; and (3) Herschel included all nebular objects 
in his tabulation, while Mr. Abbe drew a distinction be- 
tween the various orders of nebulae, so that his table, as 
finally drawn up, included only 4053 irresolvable nebulae. 
When wfi find that all the refinements thus introduced by 
Mr. Abbe, and an increase of nearly one- third in the total 
number of objects dealt with, produce no appreciable 
change in the indications which the nebulae present of 
being aggregated together according to certain definite, 
and, as I think, very significant laws, we seem free to con- 
clude that no extension of telescopic observation can appre- 
ciably affect our views respecting the distribution of the 
nebulae. If the second tabulation had indicated laws appre- 
ciably different from those which the first had exhibited, 
the conclusion would have been that we must wait for an 
increase of knowledge before venturing to theorise ; as it is, 
we may proceed to deal with the facts before us with some 
confidence as to the general accuracy of their indications. 
We see, then, that the two tables have an increased value 
when considered together. 

I would first call attention to the pair of maps in Plate III. 
The plan of projection is the isographic projection described 
in my ' Handbook of the Stars.'* The meridians and parallels 
are so drawn as to correspond to Mr. Abbe's tabulation, and 
in each space as many nebulae as 'his table indicates are 
marked in, so as to spread pretty imiformly over the space. 
Thus the projection being isographic, the maps represent the 
actual distribution of the nebulae (as to density of aggrega- 
tion, &c.) over the northern and southern hemispheres. 

* After that book was published I found that Sir J. Herschel bad alreadj 
suggeHted this construction. The coincidence is not very surprUing when it ia 
remembered that the problem of a central isographic projection is a rerj 
simple one, and has only ont solution. 
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Now when this is done we see that there is much more in 
the arrangement of the nebulae than that thinning off in the 
neighbourhood of the Milky Way which Mr. Abbe had re- 
cognised. No one can look at the general aspect of the two 
maps vrithout seeing that the suggested distribution of the 
nebulse in a figure roughly resembling a prolate spheroid, 
having the plane of the Milky Way at right angles to its 
longer axis, is wholly insuflScient to account for the actual 
aspect of the maps. The northern map accords better with 
this view than the southern ; but even in the former there is 
an irr^ularity in the clustering, an occasional evidence of 
streaminess, and in places a sharpness in the outline of the 
group which is altogether different from what would be seen 
if the nebulae formed a figure even roughly resembling that 
suggested by Mr. Abbe. In the southern map all these 
features are exaggerated. In this map also a new and un- 
expected feature strikes us. We see that the Nubeculae are 
associated by well-marked nebular streams with the main 
southern group. 

But now it is obvious that the pair of maps in Plate III. 
requires to be supplemented by maps which shall exhibit — 
(1) the two groups of nebulae in their entirety, and (2) the 
great zone bare of nebulae which divides one group from the 
other. 

The pair of maps in Plate IV. is intended to satisfy con- 
dition (I) as nearly as can be done on equatorial maps. The 
projection corresponds to that used in Plate III.* The first 
map of the pair exhibits the nebular group to the north of 
the Milky Way, the second exhibits the nebulae to the south 
of that zone. It will be noticed that the contrast between 
the two groups is very striking. 

* So fftT as I am aware the piirs of maps forming Plates IV. and V. are the 
first in which the relations of the nebulae have been pn seuted isographically on 
any but a polar projection. 
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The northern group presents a somewhat stratified aspect, 
and we can understand how it was that Sir W. Herschel, 
observing only in northern latitudes, conceived that the 
nebulae might be found to be arranged in a zone somewhat 
resembling the Milky Way, but nearly at right angles to it. 
On a closer inspection, however, we recognise in the northern 
cluster a decidedly streamy character.* 

The southern group of nebulae presents features of a very 
interesting character. As in the northern group, the general 
aspect of the system is streamy, but this character is much 
more marked in the southern group. A peculiarity is also 
noticeable in the fact that the most striking aggregations are 
at the extremities of the streams. In fact, the central part 
of the whole group, a region exactly opposite the great 
northern aggregation of nebulae, is almost vacant. We have, 
again, distinct evidence of the connection between the 
Magellanic Clouds and the southern nebular group. The 
Nubeculae are, in fact, merely instances, more marked than 



* It is to bo noticed that it would be perfectly fair to strengthen the indica- 
tions of these maps, by spreading the dots which represent the nebulae less 
regularly over the spaces they belong to. At first sight this seems illegitimate. 
It might be argued, for example, that to take the streams presented to us on a 
first inspection, and to add to their obviousness by a special arrangement of 
the dots in the figure, is nothing less than to adopt an hypothesis, and to 
}urrange our facts so sis to seem to bear it out. But in reality fhis is not so. 
The process of arrangement so as to intensify the aggregations of dots and to 
make the vsicuities more clearly apparent corresponds exactly to the process by 
which, having a series of ordinates in any graphic construction, we take a curpr 
through their extremities instead of a series of rectangular cross-lines. The 
curved lines, in this case, slope i^psrards towards the direction of the longer 
onlinatos, and downwards towards the direction of the shorter ; and precisely 
in the same way the dots in any of the spaces in such maps as we are now 
dealing with should aggregate towards the direction in which there are greater 
aggregations, and be more sparsely strewn in the direction towards which there 
are vacuities. Had this been done the streamiuess already clearly apparent in 
the arrangement of the nebulae would have been rendered much more obvious. 
Such a plan, so far from being unfair, may be shown to be that which, according 
to tlie doctrine of chances, gives the arrangement which would most probiibly 
be observed if each nebula had been marked in in its proper place. 



DISTRIBUTION OF THK TiEbVLM. 821 

• • • • » , 

the others, of the tendency to aggregation at the extrenxities 
of the nebular streams which form the gr^at sonthem group. 

I now turn to the pair of maps in Plate V., which sefve to 
bring out more especially the great vacant zone. This t hold 
to be the most significant of all the features presented by 
the nebular system. It will be observed that -there is no 
mistaking the fact that a true zone of nebular dispersion (if 
I may use that term as the converse of aggregation) exists 
in the heavenis. Nor can the general agreement of this zone 
with the galactic zone be called in question. I would now 
ask whether the conclusions to be drawn from these peculiari- 
ties ought not to be somewhat different from those which 
have been commonly accepted. 

In the first place, I would remark that Sir W. Herschel was 
disposed to look on the fact that the zone of nebulae which 
he supposed to exist in the heavens, lies at right angles^ or 
nearly so, to the Milky Way, as not accidental. The 
peculiarity we actually have to deal with, however, is much 
more significant ; first, because the agreement of two zones 
in position is a circumstance which is antecedently much 
more improbable than mere perpendicularity of intersection ; 
and secondly, because the existence of a zone of dispersion 
is in itself a much more remarkable circumstance than the 
existence of a zone of aggregation. On the first point, it is 
merely necessary to remark that to secure perpendicularity 
between two zones it is requisite only that the poles of one 
zone should lie upon the other, which can happen in an in- 
finite number of ways ; whereas, to secure coincidence, the 
poles of one zone must coincide in position with the poles of 
the other, which can happen only in one way. On the second 
point, it may be noticed that the existence of a zone of dis- 
persion would be very remarkable even if the zone were not 
particularly well marked ; because all' thiat we know of the 
universe leads us to look upon systems aggr^^ted into the 
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shape of cylinders, prolate spheroids, or the Uke, as much 
less likely to be met with thsD systems in the shape of discs, 
rings, oblate spheroids, or the like ; and it is only figures of 
the former sort which can result in showing a zone of disper- 
sion, figures of the latt^ kind exhibiting (as in the case of 
the sidereal system) a lone of aggregation. But a very well- 
marked zone of dispersion, as in the case of the nebular 
system, is a yet more significant phenomenon, because it 
can only be explained by looking upon the aggregatioiu 
between which it lies as distinct systems. Looking on the 
two nebular clusters in this light, the fiu^t that the Milky 
Way agrees exactly in position with the zone which separates 
them, becomes one which we are bound to accoimt for in 
forming any theory of the nebuUe. In fiEust, when deahng 
with the aggregation of nebulse near the north pole of the 
galactic system, Sir John Herschel expressed this very 
opinion ; though he has nowhere indicated, so far as I am 
aware, the conclusion which seems to me to follow directly 
from that opinion : — 

I cannot see how we can look upon the coincidence I have 
spoken of as Tiot accidental, without being led to the conclu- 
sion that the nebular and stellar systems are parts of a single 
scheme. If the nebulee were external star-galaxies, the 
coincidence might have happened, but it would be acci- 
dental. If they formed a system * distinct from the sidereal 
system, though involving, and perhaps to a certain extent 
intermixed with the latter,' as Sir John Herschel suggested, 
the coincidence would still be accidental. If* our system' 
(again to quote Sir J. Herschel) * lies outside the denser 
part of the cluster, but is involved within one of its outlying 
members,' or, * forms an elemeTU of some one of its protu- 
berances or branches,' yet, again, the coincidence would be 
accidental. No theory which looks upon our galaxy as 
simply a member of the nebular system can possibly be 
reconciled with the view that the position of the zone of 
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ikebular dispersion is otherwise than accidental, unless we 
assume either (i.) that aU the members of the system, or at 
least all in our neighbourhood, have a position parallel to 
that of our galaxy, or at right angles to the length of the 
nebular system, or (ii.) that there is some peculiarity in the 
galactic stratum preventing us from looking so far out into 
space along its length as in other directions. The first supposi- 
tion is disposed of by the briefest study of the nebulsB, which 
(looked upon as disc-shaped universes) have every variety of 
position. The second has a greater appearance of probability, 
yet it would be easy to dispose of it on its own merits. It 
must be dismissed, however, for a reason associated with a 
matter which yet remains to be considered. 

We have seen that the nebulse belonging to the Magellanic 
Clouds are associated in a very obvious manner with the' rest 
of the nebular system. But it must not be forgotten that 
these strange objects are also intimately associated with the 
sidereal system. In fiict, their visibility to the naked eye 
is due entirely to the &ct that they contain a number of 
small stars. Here, then, the sidereal and nebular systems 
iure seen as they are nowhere else to be observed, i/n;termixed. 
Perversely enough, this peculiarity, which seems so obviously 
to indicate an intimate association between the two systems, 
kas been held by many distinguished astronomers to prove 
that the Nubecula belong neither to the sidereal nor to the 
nebular system* Sir John Herschel has distinctly pointed 
out the conclusions which should be drawn from the evi- 
dence given by the Nubeculse; yet he nowhere definitely 
rejects views to which those conclusions seem directly op- 
posed. He simply remarks that we may be led to look with 
some suspicion upon views which * in former pages had been 
somewhat positively insisted upon.' * 

* I maj remark here, in passing, that the tentative and philosophical 
tone in which Sir John Herschel reasoned respecting Uie universe, the light 

t2 
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The evidence afforded by the NubeculsB seems to me 
decisive in favour of the intimate association between the 
stellar and nebular systems, which I have been endeavouring 
to establish. When it is combined with the evidence before 
adduced, no reasonable doubt can exist, I tiiink, that the 
stars and nebulae are members of the same scheme. There 
may be individual nebulse wl^ich are true external universes 
— it is possible, for example, that the spiral nebulae may be 
of this class, as also perhaps the Andromeda nebula, and a 
few others — but it seems demonstrated that for one nebula 
which is really external there are hundreds which are asso- 
ciated with the sidereal system. 

What the processes may be which have led to the present 
arrangement of the great scheme of stars and nebulae, I shall 
not venture even to conjecture. I may remark, however, 
that the great majority of the nebulae constituting the 
northern and southern clusters may be looked upon as owing 
their present constitution to the fact that they are outside 
the region of most active stellar aggregation, and not to any 
difference in their original structure. I believe that the 
irresolvable and scarcely resolvable nebulae are composed of 
stars really smaller and really closer than those forming the 
clusters and easily resolvable nebulae. In favour of this 
view I would adduce a peculiarity exhibited in Mr. Cleveland 

fj^rasp with which he held the theories he had himself dereloped, and the wide 
range over which his Tiews extended, hare, on the one hand, enoooniged me to 
adopt yiews opposed to those which he sanctioned by his approval, and, oa 
the other, to put forwnrd views which he had already mentioned, but to which 
I have been led by independent considerations. His whole treatment of the 
subject of the sidereal and nebular systems indicated that the views he 
put forward were intended for the most part rather as suggestions than aa 
theories. This power of weighing evidence without reference to prf>conceived 
opinions, of indicating the theories suggested by this or that portion of the 
evidence and as readily indicating reasons which must lead to the abandon- 
ment of such theories, may Ix* looked upon as chHracteristic of the Herschel 
fiimily. It would he well for the cause of scientific progri'ss if the power were 
not 80 uncommon A8 it is. 
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Abbe'er tabulation of the nebulae, the true meaning of which 
seems to have escaped him. 

If the objects in Sir J. Herschers Catalogue are arranged 
in the following order, — (i.) clusters, (ii.) easily resolvable 
globular clusters, (iii.) resolvable globular clusters, (iv.) 
resolvable nebube, and (v«) irresolvable nebulae, and the 
arrangement of these classes of objects with reference to a 
galactic zone 10^ wide be considered, we find that objects in 
class (i.) are obviously aggregated on the galactic zone; 
objects in class (ii.) less so ; those in class (iii.) still less so ; 
those in class (iv.) are aggregated away from the galactic 
zone ; and those in class (v.) are aggregated almost exclu- 
sively outside that zone. When we take a galactic zone 30^ 
wide, we have — objects in class (i.) almost exclusively on the 
galactic zone; those in class (ii.) decidedly aggregated 
there ; those . in class (iii.) somewhat less so ; while those 
in the other classes present much the same relations as 
before. 

This plainly shows that the first three of these classes are 
associated with the galaxy in proportion to their resolva- 
bility ; the fourth class, which is still resolvable, is removed 
from the neighbourhood of the galaxy ; and the fifth still 
more so. Now, can we look upon the distinction between 
the resolvable nebulae and the resolvable clusters as so 
marked that whereas we can admit the latter to be associated 
with the galaxy (or rather we are forced to do so), we must 
look upon the former as lying far away beyond the range of 
the sidereal system ? But even if we must do so, how can 
we then account for the fact that the irresolvable nebulae 
show a greater antipathy to the neighbourhood of the galaxy 
than their resolvable fellow-systems ? If we do not, if we 
look on the resolvable nebulae as belonging to the sidereal 
scheme, notwithstanding their aggregation away from the 
galactic zone, what reason can we assign for forming a difife- 
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rent opinion of the irresolvable nebiibB which exhibit pre- 
cisely the same relation, only in a more marked form? 
Finally, if we admit the irresolvable nebolae into the galactic 
scheme, we cannot look upon greater distance as accounting 
for their irresolvability, because once they are recognised as 
associated with the galaxy, we can see no reason for the 
more distant members of the nebular part of the universe 
lying towards the poles of the galactic zone* The antece- 
dent probability of such a relation prevailing that distance 
is the true cause of the irresolvability of the objects forming 
the great nebular clusters, is exceedingly minute. Of course, 
ccBteria paribus, the more distant a cluster is, the less easily 
resolvable it will be. But we must look for some other 
cause than distance to account for the fact that nebulas seen 
outside the Milky Way are less easily resolvable than nebuLe 
seen upon that zone. I believe that cause may be assumed 
not unreasonably to be the difference in the circumstances 
under which the galactic and the extra^galactic nebulaa have 
reached their present state. 

I have hitherto omitted all reference to the gaseous 
nebuls6. So .fiu: as present observation goes, these objects 
show a decided preference for the neighbourhood of the 
galactic zone. The planetary nebulae, all of which are 
probably gaseous, are so distributed that two-thirds are on 
the wider galactic zone referred to above, whose area is less 
than one-fourth that of the whole sphere. The irregular 
gaseous nebulse are all on or close to the Milky Way, except 
one, which is in the greater Magellanic Cloud; another 
proof, if any were wanting, that the Nubeculse are not 
external systems. 

Tliere appear to me to be also laws associating the nebular 
and sidereal systems together. Outside the Milky Way and its 
immediate neighbourhood the nebulsd seem to be associated 
with the lucid Htars — in this way, that, where there are many 
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leading brilliants, there nebuka seem densest. There is not a 
single marked vacancy in either of the nebular groups where 
there is not at the same time a marked absence of bright stars. 
It is noteworthy also that, of the two most marked nebular 
streams, one is coincident with the stellar stream recognised 
by the ancients in their figuring of the constellation Eridanus 
(the prolongation southwards being recognised by modem 
astronomers in the constellations Hydrus and Beticuliun); 
the other coincides with the stellar stream associated by th^ 
ancients with the water from the vase of Aquarius. This 
association between stellar and nebular aggregation seems to 
occupy a character midway between the yet closer relation 
observed in the Nubeculse, and the directly contraiy relation 
observed in the neighbourhood of the Milky Way. 

MontMfy Notices of tie Bo^ dUnmonUeal Society for October 1869. 
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A NEW THEORY OF THE MILKY WAY. 

Sir W. Herschsl's respect for exigting analogies — a quality 
which is perhaps of all others the safest guide for the 
scientific explorer — led him to adopt as the means of inter-, 
preting his noble series of star-guagings the hypothesis that 
there is a general uniformity in the distribution of the stars 
through space. He adopted this hypothesis not from a. 
conviction of its being actually true, nor even from the 
belief that it is approximately so, but simply because existing 
analogies seemed to render it probable, and because it 
formed a convenient basis for calculation. The existing 
analogies were those presented by the «olar system. In this 
system. Sir W. Herschel recognised a number of discrete 
bodies, not equal indeed, but comparable mter ae in magni- 
tude ; not uniformly distributed, but still not aggregated 
towards one or another part of the solar scheme. And 
making such modifications as seemed requisite in comparing 
a system not regulated by a vast central orb with a scheme 
like our solar system, it seemed likely to him that a general 
equality of magnitude, and a general uniformity of distribu- 
tion, might be found to prevail among the members of the 
sidereal system. 

We now know that the ideas which astronomers had 
formed of the solar system in Sir W. Herschers day were 
very far indeed from being correct. We see in the solar 
system a complexity of detail, and a variety of form, struc- 
ture, aggregation, and motion, which were altogether un- 
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known a century ago. And I cannot doubt that if the view 
we have of the solar system had been presented to Sir W. 
Herschel, he would have adopted as the basis of his star- 
guagings an hypothesis differing altogether from that of 
which he actually availed himself. He would have argued 
that as in the solar system there are bodies like the 
planets tar surpassing the other members of the scheme in 
magnitude and in importance, as it contains zones of 
minute bodies, such as the asteroids and the satellites com- 
posing the rings of Saturn, myriads of meteoric systems, 
and coimtless thousands of cometic systems, so doubtless in 
the sidereal system there are many forms of matter. If the 
analogy of the solar system is to be our guide, we must look 
for suns equalling or surpassing our own in magnitude and 
splendour ; for clusters and systems of minor suns, whose 
united mass mayiEtll short of the mass of one of the primary 
st&rs ; for aggregations of matter in portions relatively so 
minute as not even to be comparable with the small stars 
foimd in true star-clusters; and, finally, for systems com- 
posed of materials, or at least of forms of matter, differing as 
widely firom the substance of the suns as the matter com- 
posing a comet does from the substance of the Earth or of 
Jupiter. 

But even independently of analogies such as these, his 
own series of observations led Sir W. Herschel to feel more 
and more doubt, as he proceeded, respecting the hypothesis 
which he had made the basis of his calculations. It is only 
necessary to compare the later papers he sent in to the 
Boyal Society with the earlier ones, to find that views 
altogether inconsistent with his initial hypothesis were 
opening out before him. It was in those later papers that 
he spoke of star-groups in the Milky Way clustering towards 
opposite regions of the heavens; of stars arranging them- 
selves into separate systems; and of the signs which the 
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heavens present of the action of processes of aggregation, 
causing ' the gradual dissolution of the Milky Way.' 

Sir Jolin Herschel, also, in carrying out the system of 
star-guaging among the Southern stars, was led to notice 
many features which the hypothesis of a tolerably uniform 
distribution of stars could not satisfiMstorily explain. 

Judged according to Sir W. Herschers fiindamental hypo- 
thesis, the sidereal system came to be tegud^i as Ibmiiiig • 
figure resembling that of a cloven dise, and the Ifilkj Waiy 
was explained as being due simply to the greater exteoiioii 
of the system in the direction of the medial plane of tUtf 
disc. Sir John Herschel, however, from, his observatimM of 
the Southern heavens, was led to suspect that this theorf 
was not strictly correct. He speaks in one place of oortiiB 
evidence, according to which the Milky Way would oooio to 
be regarded as a flat ring seen edgewise. And ia 'BMBf 
places he speaks of the difficulty of nndeBtandinig otttaiff 
features according to the views usually accepted. 

It seems to me that the endence collected losplBOfeing the 
Milky Way is sufficient to lead us to quite another Tioir of 
its structure than that to which Sir W. Herschel was led bf 
an hypothesis founded on the incomplete theories vUeh 
astronomers in his day had formed respecting the solar> 
system. 

Let us regard the matter altogether independently of 
preconceived opinions, and judge simply as the evidence 
may seem to teach us. 

In the woodcut, the outer figure represents the Milky 
Way according to the drawings and description of Sir John 
Herschel. The mode in which it is delineated needs no 
explanation. 

Now, in regarding this picture of the Milky Way, we are 
forced, I think, to the conclusion that neither the cloven- 
disc theory, nor the flat-ring theory, accounts satisfactorily 
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even for the principal features of the Milk; Way. For 
example, Uie gre&t gap which crosses it in Aigo, nearly in 
the widest part of the single branch, seems utterly in- 
explicable on Mther theory. There is no way of accounting 
for that gap if we are really supposed to view the Milky 




irj of Milkj Way. 



Way from a point within ita figTire,aDd that figure reeembles 
— however roughly — either a cloven disc or a flat ring. 

But let us pass to other features. Travelling towards the 
right &om the gap, we come to ^e strange semicircular 
cavity with a well-defined outline, which Sir John Herechel 
has described in Buch striking terms. A cavity of that 
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figure is a remarkable phenomenon, and is surely inex- 
plicable either on the flat-ring or cloven-disc theory. But 
the mere distinctness of the outline is one of the strongest 
possible proofs that the stars which form that portion of the 
Milky Way constitute a distinct clustering aggregation from 
which we are separated by an enormous and comparatively 
star-less interval. 

We come next to the Great Coal-sack near Crux, almost 
opposite to which is a well-marked opening in Cygnus. 
There are also other strange openings through different 
parts of the Milky Way. 

Now I cannot but think that an argument similar to that 
which Sir John Herschel has applied with so much force to 
the Magellanic Clouds applies to the openings in Crux and 
Cygnus. He argues that, because the Magellanic Clouds 
approach roughly to the circular figure, therefore, in all 
probability, their real figure is that of a sphere : the chance 
is small that one of them is a cylindrical system seen end- 
wise ; but the chance that both are is altogether evanescent. 
Now applying the same principle to the Coal-sacks, we are 
led with equal certainty to the conclusion that these aper- 
tures are not cylindrical or tunnel-shaped openings seen 
endwise, but if they are really apenvaga at all they are 
openings through a system which is not very much deeper — 
measured in the direction of the line of sight — than the 
greatest width of the aperture itself. 

Judged in this way, the parts of the Milky Way which lie 
round a ' Coal-sack ' would have a roughly circular section, 
and not that enormous extension, in the direction of the line 
of light, which has been assigned to them. 

I cannot see that this argument is at all less sound or less 
effective than that which has been applied by Sir John 
Herschel to the Magellanic Clouds. 

There is another feature referred to, and I believe dis- 



A NEW THEORY OP THE MILKY WAY. 333 

covered, by Sir John Herschel, which is also full of meaning. 
I refer to the existence of narrow and sometimes convoluted 
streams of stars, branching out from the Milky Way itself. 
Sir John Herschel says of these that we ought to look on 
them as in all probability planes or scrolls of stars seen 
tangentially, and not as branch-shaped extensions bristling 
up from the general level of the Milky Way. And un- 
doubtedly if the Milky Way really have a great extension in 
the direction of the line of sight, it is just that we should ao 
regard these outlying streams. But if we judge of them 
without any reference at all to pre-existing theories, we are 
guided by strong arguments from probability to form a very 
different view. The chance that a plane system of stars, 
and still more a scroll of stars, should be turned so directly 
towards the Sun as to present to us the appearance of a 
straight or convoluted line or narrow stream of stars, is 
small indeed. The probability that several should be so 
situated may be regarded ad evanescent. 

Accepting these streams as having a roughly circular 
section, we are led to the conclusion that the Milky Way 
from which they extend has a similar section. In fact, as 
Sir John Herschel held these streams to be really planes or 
scrolls because (I assume) he assigned to the Milky Way a 
great lateral extension, so by inverting this argument I am 
led to believe that the Milky Way has not a great lateral 
extension (compared I mean with its thickness), because tlia 
streams extending from it have in all probabibty a section 
of roughly circular figure. 

Other arguments there are that space will not permit me 
to dwell upon here, which point in the same direction. 

Now, of course, if the Milky Way forms in reality a 
stream of stars amidst the sidereal system^ the appearance 
which it presents upon the heavens might be expected to 
afford some information as to the nhape of that strciun, or at 
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least of that portion which is cognisable by ns. It must be 
admitted, however, that the problem of interpreting this 
wonderful stream is one of enormous difficulty. Perhaps it 
is one which man will never be able to accomplish in a 
perfectly satisfactory manner. It is only necessary to 
contemplate that marvellous maze of star-streams around 
Scorpio and its neighbourhood, and to read the accoimt 
which Sir John Herschel gives (in his ^ Cape Observations ') 
of the telescopic aspect of this r^on, to feel how far we are 
at present from being able rightly to interpret the mysteries 
of the Galactic Circle. 

The bolder and more striking features of that circle may, 
however, be studied with a better hope of their being 
successfully interpreted. A theory which will explain the 
gap in Argo, the wide break of one stream in Ophiuchus, 
the varying brightness of the principal stream in different 
parts of its length, and other features of this kind, may 
reasonably be sought for. 

I have endeavoured in the inner circle of Fig. 18, p. 331, to 
indicate a spiral which seems to me to accoimt for the most 
striking features of the Milky Way. 

Following that spiral roimd from the part where the two 
loops approach each other, we have the following relations : 

First of all, the gap is explained by the feet that the two 
loops do not meet. Then, remembering that the spiral is 
supposed not to lie in one plane, but (as the contorted figure 
of the Milky Way obviously suggests) to have been swayed 
out of that plane by varying attractive influences, we see that 
where the line of sight is directed tangentially to either 
loop, the Milky Way might be expected to have greater 
width than elsewhere. This explains the fan-shaped ex- 
pansions on each side of the gap. Then on each side of 
these expansions we see the Milky Way double, which 
obviously corresponds to the relations exhibited by the two 
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loops* fUlowkig the wid^ loop, we see that the double 
part of the Milky Way on this dde extendd nearly through a 
complete semi-circular arc. The Coal-eack is explicable as 
due to the apparent crossing of the two contorted streams 
which really are at different distances from the eye.* The 
break in the further branch seems readily explicable as 
due to the great distance of a portion of this branch. But 
here the theory derives a singular support from the actual 
jelatiye brilliancy of different parts of the Milky Way in 
this neighbourhood. Eveiy astronomer knows how strangely 
the light of the Milky Way varies in and near Cygnus. 
The branch which extends from the Northern Coalnsack 
towards Albireo is at first fiur the brightest, and then fades 
off 80 much that in Ophiuchus it is wholly lost. The other 
branch, on the contrary, gradually increases in brightness, 
until in Aquila, and, further on, in Sagittarius, it forms the 
brightest part of the whole Milky Way. Now this part, 
whrch is so very bright, corresponds to the part which my 
spiral brings so very near to the Sun. 

Passing on to the termination of the second branch near 
Cygnus, it will be noticed how the spiral explains the strange 
extension ^f milky light from Gepheus towards the north 
pole. 

Thence the stream is single, growing gradually fainter 
with increase of distance towards Ganis Minor and Mono- 
ceroB. 

The spiral I have depicted seems so satis&ctorily to accoimt 
for several of the more striking features of the Milky Way 
as to suggest the idea tiiat it probably corresponds somewhat 
closely to the real figure of that star-stream. I am sensible, 



* In the laige nape of the S. D. U. K. the Milky Way is depieted near 
Cruz and Argo, as if the object of the draughtsman had been to support mj 
theory. In Sir John HerscheVs drawing, however, there are no such varieties 
of briUiancy. 
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however, that many peculiarities remain unexplained by, 

though they are by no means opposed to, my theory. It must 

* 
be remembered that any objections founded on a presiuned 

equality of stars throughout the Milky Way, or of a general 

uniformity of distribution throughout the spiral stream, do 

not require to be met ; because at the very beginning of this 

inquiry I have abandoned such hypotheses as inconsistent 

with existing analogies. 

For example, there may be parts of this Milky Way so 
constituted that, if we were to remove further and further 
from them, we should see them gradually assuming the form 
of irresolvable nebulosity. ' But there may be other parts 
which would never assume that appearance, let their distance 
be what it might — the distribution and magnitude of the 
component stars being such that the stars would vanish 
through effect of distance, before the distances apparently 
separating them became evanescent. 

I may add as a striking confirmation of a portion of these 
views, that among the lucid stars along the part of the 
Milky Way which lies nearest to the Sun, according to my 
view, are those which have been actually found to be nearest 
to us. 

It must be understood that I regard the Milky Way as 
simply the condensed part of a spiral of small stars, which 
has been swayed into its present figure by the influence of 
large stars — the lucid stars seen in the Milky Way. The 
myriads of small stars not lying in or near the Milky Way 
must yet belong to the same system, and in some instances 
seem to obey somewhat similar laws of aggregation. The 
nebulae, so far as the evidence from probability extends, 
would appear to be groups formed from among those stars 
that have not fallen under the influence of the large stars 
which have brought the Milky Way spiral to its present 
figure. In the Magellanic Clouds, we see the action of pro 



A NEW THEORY OP THE MILKY WAY. 337 

cesses which have tended to form spherical clusters of enor- 
mous dimensions, in which both forms of aggregation are 
met with. 

Why, in different parts of the sidereal system different 
processes of aggregation should have taken place, we cannot 
yet distinctly see. But some of the striking discoveries 
which have recently been made by astronomers afford pro- 
mise that light will soon be thrown on these perplexing 
questions.* 

Monthly Notices of the Royal Astronomical Society for December 1870. 



* If my views respecting the Milky Way are correct, it obviously follows 
that there are parts of the Milky Way where traces of annual parallactic dis- 
placement might be looked for amongst telescopic stars. One instance of such 
motion would force us to modify all Uie views at present accepted respecting the 
sidoeal system. 
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ON THE RESOLVABILITY OF STAR^ROUPS, 
REGARDED AS A TEST OF DISTANCE. 

TuEBE are considerations connected with the resolvability 
of star-groups which have not hitherto received much atten- 
tion, so far as I am aware. They bear somewhat importantly 
on the opinions we are to form respecting the distribution of 
matter throughout the sidereal system. 

In the first place, the resolvability of such clustering 
aggregations of stars as obviously form part of the sidereal 
system has been held to . be an important means of estimat- 
ing the relative extension of different parts of that system. 
So long as a portion of such a clustering aggregation remains 
unresolved, it has been assumed that the limits of the system 
in that direction lie beyond the range of the telescope which 
thus fails to effect resolution, and therefore that the exten- 
sion of the system in that direction is far greater than in 
other directions where the same telescope shows the stars 
projected discretely on a perfectly black backgroimd. 

In the second place, in the case of definite groups of stars, 
which either lie beyond the limits of the sidereal system, or 
if within those limits are yet separated from other parts of 
the system, and surrounded on all sides by relatively barren 
regions, it has been commonly assimied that we have, in the 
telescopic powers necessary to effect resolution, a means of 
forming a general estimate of the distances at which such^ 
groups may lie. 

It is my purpose here to indicate certain consideratioi^ 
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which point to opposite conclusions as respects hoth these 



If we were to accept the conclusion that where a portion 
of the galaxy is not resolvable with powerful telescopic aid, 
the sidereal system has a relatively great extension, it would 
follow &om the smallness of the areas which many of these 
portions of the galaxy present, that there is an extension of 
the system in those directions into long spike-shaped projec- 
tions, lying in a direction pointing exactly towards the solar 
system. When Sir William Herschel, for example, speaks of 
a region of this sort, of limited extent, which his great 40- 
feet reflector was unable to resolve, we must accept the con- 
clusion that there is one of these spike-shaped projections 
extending (according to Sir William HerscheFs own estimate) 
no less than 2300 times further into space than a line drawn 
from the Sun to Sirius. It is not only contrary to every law 
of probability that this is the real state of the case ; but even 
if we could suppose that in this and in other similar instances 
such spike-shaped projections could by mere accident be 
directed along lines extending radially from the Sun (that is, 
if we could get over the argument from probability), there 
would stiU remain mechanical objections to our believing in 
such an arrangement. Knowing as we do that all the stars 
are in motion under the influence of their mutual attrac- 
tions, and apparently also under the influence of some other 
and fjEur greater forces adequate to generate the enormous 
observed motions, we ought scarcely to be willing to recog- 
nise in any part of the system a law of distribution which 
eould not result from any conceivable dynamical processes. 

It seems more reasonable to conclude that, where a cluster 
presents the peculiarity considered, there is not enormous 
longitudinal extension, but a real peculiarity of constitution ; 
that, in fact, the observer has not been penetrating further 
and further into space as he increased his telescopic power, 

s2 
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but simply analysing more and more searchingly a definite 
region of space. 

In fact, Sir William Herschel, in one of his later papers, 
was led to consider this as perhaps the true explanation of 
the matter; for in 1817 we find him saying that his star- 
guagings have in reality more direct reference to the con- 
densation than to the distance of the stars, so that a greater 
number of stars in the field of view may be explained as well 
by a greater condensation of that portion of the galaxy, as 
by a greater extension of its figure in that direction in which 
the stars appear most numerous.* 

Now, as regards the case of a distinct cluster of stars, let 
us consider first the effect of distance on a group of stars all 
equal in magnitude and separated from each other by equal 
intervals. Supposing such a cluster so placed that the naked 
eye could recognise each separate orb, and then to sweep 
rapidly away into space, would it become nebulous or not 
before vanishing from view ? As the group passed away each 
separate orb would grow less and less bright, and the dis- 
tances separating orb from orb would grow apparently smaller 
and smaller. And clearly if these distances became too small 
to be distinguished, while the stars of the group yet con- 
tinued visible, there would result a nebulosity of appearance. 
But suppose that, on the contrary, the stars of the group 
became invisible when the group was at such a distance that 
the intervals separating star from star would not be indis- 
tinguishable (if only the stars were brighter). Then clearly 
the group would vanish with increasing distance without 
ever becoming nebulous. Clearly also, if a telescope were 
employed to bring the retreating group into view, the same 

* It is rather surprising that in nearly all our treatises on astronomy tho 
earlier papers by Sir William Herschel receive far more attention than those he 
w rote when at the zenith of his fame. There is only one work I know of 
( Professor Grant's noble Histuri/ of Physical Astronomy)^ in which Sir W. 
][(;rschers later labours are adequately represented. 
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conclusions would hold good. A group which would become 
nebulous to the naked eye before vanishing would become 
80 when examined under a telescope, let the telescope's power 
be what it might; while a group which would vanish without 
becoming nebulous to the naked eye would not become 
nebulous before vanishing under telescopic vision, whatever 
the telescopic power employed. 

It is clear, then, that the nebulosity of a star-group, whose 
members are equal and equally distributed, is a question not 
of distance merely, but of constitution — of the relation 
between the size and brightness of the constituent orbs and 
the distances which separate them from each other. 

But we may extend such considerations to the case of star- 
groups containing orbs of diflferent orders of magnitude. * 
Supposing a group of this kind to be passing away into space 
— as in the former case — the question whether it would 
become nebulous at any stage or stages of its progress would 
depend on the question whether or not the order of stars 
about to disappear individually were congregated so closely 
that the eye could not distinguish the distances separating 
them. Clearly also it might be possible that an order of 
stars not about to disappear might present a nebulous appear- 
ance, in which case obviously all lower orders still remaining 
irisible would be involved in that nebulous light. Such a 
cluster, in passing away from the eye, might also be nebulous 
at a certain distance, and become non-nebulous at a greater 
<listance ; all that would be necessary for such a result being 
that, while some of the lower orders of stars were distributed 
richly enough to present a nebulous appearance before vanish- 
ing, some of the higher orders should be so sparsely dis- 
tributed as not to present a nebulous appearance before 
vanishing, or at any rate for some time after the lower orders 
had vanished. 

It is further obvious that the same would be true if the 
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retreating group were watched with a telescope of any power 
whatever (setting aside all question of the extinction of light 
in passing through space). The same appearances would be 
presented in precisely the same order when the group passed 
(star-order by star-order) out of the range of view of any 
telescope as when it passed out of the range of the unaided 
vision. 

It follows that, if we apply telescopic power to a given 
group of stars, we can by no means conclude from the 
nebulosity of the group imder such and such a power that the 
group lies at such and such a distance, unless we are pre- 
pared to believe in the existence of certain laws of constitu- 
tion to which all stellar clusters are subject. But such a 
belief is not likely to find acceptance with those who are 
acquainted with the observed variety in the constitution of 
star-groups. 

It happens also that we have direct evidence that irre- 
solvable nebulosity affords no proof of relatively enormous 
distance. When Sir John Herschel was surveying the 
neighbourhood of the lesser Magellanic Cloud he found that 
near the edge the Nubecula Minor was irresolvable with the 
18-inch reflector, whereas the heart of this Nubecula could 
be clearly resolved.* Now it needs no proof that, if the 
Nubecula Minor (setting aside the nebulae existing within 

* I quote the following passages from Sir John Herschel's Kotf^ an thr 
Nubecula Minor. They are all I can find which bear on the question of 
resolvability. 

* The edge of the " smaller cloud " comes on as a mere nebula.* 

* In the edge of the cloud vision bad, &c. . . . the cloud is not resolred, 
and seems a very mysterious object/ 

' We are now in the cloud. The field begins to be full of a fiiint light per- 
fectly irresolvable.* 

* I should consider about this place the body of the cloudy which is here 
fairly resolved into excessively minute stars, which, however, are certainly seen 
with the left eye.* 

* Re-examined by the side motion the whole cloud, in general and in detail. 
The main body is resolved, but barely. I see the stArs with the left eye. It is 
not like the stippUd ground of the sky. The borders fade away quite insen- 
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it) were constituted of stars according to the generally 
uniform laws assigned to the constitution of the sidereal 
system, the centre of the Nubecula would be the part whose 
resolution would be most difficult. It is evident, therefore, 
that the outer parts of the Nubecula are constituted dlflFe- 
rently from the central region, and the possibility is sug- 
gested that the smaller stars seen in the central region 
belong in reality to the outer shell, whose real character is 
indicated by the irresolvability of the outer parts of the 
Nubecula's disc (as distinguished from the Nubecula's sub- 
stance). 

In this instance, then, it is distinctly proved that the 
irresolvability of a celestial region under Sir John Herschel's 
20-feet reflector is no proof of relatively enormous distance. 
But what is thus proved for a certain telescopic power must 
be true of all telescopic powers. Hence, whatever the power 
may be imder which a certain region appears nebulous, we 
have no proof that the stars contained within that region are 
further off than stars within a region resolvable under that 
power. But since this must be true of all powers, it must 
be true of naked-eye vision. Hence the stars forming the 
galaxy are not necessarily further off than those star-groups 
which the eye can resolve. 

One important conclusion which is, I think, fairly de- 
ducible from what has been shown, is that, supposing a 
spiral of small stars such as I have suggested that the Milky 
Way may be, should extend, along a part of its length, so far 
from the eye as to become invisible through distance, we 
ought not to expect that in passing from the visible part to 
this invisible portion all orders of resolvability down to utter 

Biblj, and are less or not at all resolved. The body of the cloud does not con- 
gregate much into knots, and altogether it is in no way a strikiDg object apart 
ftom the nebula and clusters.' 
' Upper limit, but here it is starry, at the other limit nebulous' 
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irresolvability in the most powerful telescopes ought to be 
recognised. On the contrary, this part of the spiral might 
exhibit in succession all the orders of change which the 
retreating group considered above was shown to be capable 
of exhibiting (on a certain, not improbable, assumption as 
to its structure). 

But my object is not so much to find evidence in favour 
of a special theory about a certain portion of the sidereal 
system *as to indicate the varieties of appearance which are 
to be looked for in different parts of that system — varieties 
which are, in fact, as likely to be met with (according to my 
views of the nature of that system) around the poles of the 
galaxy as in the richest portions of that wonderfully complex 
zone. 

Monthly Notices of the Royal Astronomical Society for May 1870. 
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A PROPOSAL FOR A SERIES OF SYSTEMATIC 
SURVEYS OF THE STAR-DEPTHS. 

When we consider the vast addition to our knowledge, and 

the yet vaster widening of our conceptions respecting the 

star-depths, which resulted from the labours of Sir William 

Herschel and the great man whose death science has lately 

had to deplore, we cannot doubt that more complete surveys, 

if such could be carried out, would well repay the pains 

bestowed upon them. I apprehend that not the least among 

the purposes which the elder Herschel proposed to fulfil 

when he commenced that first great survey, was to show 

astronomers how much the survey of the heavens was needed ; 

and I imagine that he would have been the last to approve 

of that supineness (arising, perhaps, from an exaggerated 

respect for his labours) which has prevented all save his son 

from pursuing the path which he was the first to indicate. 

As to the opinion of Sir John Herschel on this matter, it is 

Unnecessary that I should speak ; because he has in many 

parts of his works urged in his own earnest manner how 

desirable it is that the celestial depths should be studied 

much more closely than they could be by only two observers, 

however skilful and energetic, or however patiently they 

continued their labours for many successive years. 

I believe that what is now specially required is a series of 
systematic surveys, proceeding on a principle quite diflFerent 
from that on which the Herschels found it necessary to 
pursue their researches. A first survey was very properly, or. 
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I should say, it was necessarily applied with reference rather 
to the average distribution of the stars than to the special 
laws of distribution which maybe found to prevail either when 
we extend our survey over the different parts of the celestial 
sphere, or when we vary the range of our vision by emplo'y- 
ing different telescopic powers. 

I venture now to impress most earnestly on those who have 
sufficient leisure and possess the necessary instrumental 
means for carrying out systematic observation, the extreme 
importance of surveys of the star-depths on methods devised 
with reference to both these relations. 

Let me briefly indicate what is at present wanted, noting 
at the same time that the proposed observations should only 
be regarded as first steps in a progressive series of researches 
directed to the solution of the noblest of all the problems 
astronomers can deal with — ^the determination of the laws 
(so far as they are discoverable) according to which the 
heavens are constituted. 

(1.) I have already mapped down isographically the stars 
visible to the unaided eye ; and I think that no one can 
study my isographic chart, or the nimierical statistics which 
accompany it in the second edition of my * Other Worlds,' 
wit li out feeling that even what the heavens disclose to the 
unaided eye has a significance which has too long been 
suffered to escape recognition. 

(2.) I am engaged * in mapping down isographically the 
stars in Argelander's charts of the northern heavens — 324,198 
stars in all, about 310,000 north of the equator, and about 
14,000 within two degrees south of the equator. When this 
chart is completed, it will serve to show, so far as the 
northern heavens are concerned, what are the laws of distri- 

* This chart is now completed ; and photographs of it, with photolitho- 
graphed keymaps are published by Mr. Brothers, of St. Ann's Square, Man- 
chester. 
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bution among those stars which lie within the range of a 
telescope 2^ inches in aperture. The correspondence be- 
tween these laws in certain parts of the heavens, with 
those observed in the distribution of naked-eye stars on 
the one hand, or of the Milky Way, nebulae, &c., on the 
other, will throw light on many questions of interest — for 
instance, on the nimierical relations of large and small stars 
(stars really large and small, that is), and consequently on 
the evidence as to the distances of stars of different apparent 
orders. Light will also be thrown on many other questions 
of importance. That this is so I shall be able (I already 
know from the progress of the work) to establish ; but at 
present it will suffice to notice, as evidence of the importance 
of such researches, that Struve, taking only one-tenth the 
number of stars in Argelander's charts, and dealing with those 
stars only by averages,* not only as respects extension in 
right ascension and declination, but also as respects probable 
extension in space, was yet led to results which are of extreme 
interest if admitted, and highly suggestive even if regarded 
as still open to question. 

The system of charting with a telescope having an aperture 
of 2^-in. requires extension over the whole southern hemi- 
sphere. The results of this extension alone would be (I 
venture to predict) of the utmost possible interest. For the 
purpose of increasing our knowledge of the constitution of 
the star-depths, actual charting would not be needed, but 
only such a process of statistical enumeration as I propose in 
the case of larger apertures. 

(3.) The Coimcil of the Astronomical Society have kindly 

* How rough these were (iDtentionally, of course) is shown by the fact that 
the charted results did not eTen indicate the division of the Milky Way 
into two parts over a region crossed by Struve's section. ' C'est une suite 
naturelle/ says Struve on this point, * de ce que notre recherche du disque 
ne s'est point faite dans tons les details, mais j^ar heures entire* d'ascension 
droite.' 
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placed at my disposal the Sheepshanks Equatorial No. 3, 
having an aperture of 4f inches, and I propose to apply this 
instrument to the enumeration of stars lying within the in- 
creased range corresponding to its aperture. The plan I pro- 
pose to follow is to count the number of stars seen in equal 
fields taken all over each region surveyed, and then to map 
down the result isographically. It is probable that the very 
limited amount of leisure time I can devote to such researches 
may prevent me from surveying more than a small region of 
the northern heavens. But as my special object is to show 
what lessons such surveys are calciilated to teach, I shall be 
well satisfied if I can thus, by example more effectively than by 
precept, engage others who have more leisure and instruments 
of about the size named to extend this survey to much larger 
regions. If the results are not charted by the observer him- 
self, he should keep a guage-book from which an isographic 
chart could be formed hereafter. 

The southern heavens also should be surveyed with a tele- 
scope of about 4^ inches in aperture. 

(4.) A survey on a similar plan should be carried out 
over the whole heavens with a telescope 9 inches in aperture.* 

(5.) Star-guaging with powers about equal to those of the 
telescopes with which the Herschels surveyed the heavens, 
should be carried out on a much more complete plan than 
was possible in the case of astronomers engaged like the 
Herschels on many different branches of research simulta- 
neously. In the present position of sidereal astronomy, 
more is to be gained by the complete survey even of a small 
region in this way (followed by careful isographical charting) 

* I speak here with reference to refractors. If reflectors are used in such a 
survey a careful comparison of their light-gathering power, and that of r*^- 
fractors employed in the same sort of work, should be instituted beforehand. 
If this power were brought to an equality, or nearly so, different parts of 
the heavens might be simultaneously surveyed by observers using reflectors or 
refractors. 
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than by an incomplete survey depending on a law of averages 
which has been proved not to prevail in stellar distribution. 

(6.) A good 4-ft. speculum should be applied to the same 
purpose, even though half-a-dozen generations might have 
to be occupied in the work. 

Feeling absolutely certain of the extreme interest and 
importance of the results which would follow from such 
surveys as I have here advocated, I am by no means deterred 
by the largeness of the labours involved, even in the com- 
plete survey of the heavens with small apertures, from urging 
those who can do so to join actively in a work so valuable. 
There are so many amateur astronomers who have fine tele- 
scopes for which they can find no employment, and so many 
others who do find employment for their telescopes, but after 
a &shion tending in no sort to advance our knowledge, that 
the work ought not to languish for want of recruits. And I 
should imagine that no training, even, would be wanted by 
a large number of these recruits ; because the eagerness with 
which telescopists are trying to divide difficult double stars, 
or to see planetary features which their telescopes are just not 
able to show, and so on, seems indicative of an earnest desire 
to acquire a fitness for useful work. I have named certain 
apertures which should at once be applied to the survey, but 
reflectors and refractors of five, six, seven, or any number of 
inches in aperture, could be most usefully employed in 
sidereal survey. 

Monthly Notices of the Royal Astronomical Society for June 1871. 



APPENDICES. 



J 



353 



APPENDIX A. 



■•o^ 



A NEW DETERMINATION OF THE DIURNAL 
ROTATION OF THE PLANET MARS. 

The determination of a planers period of rotation, to any great 
degree of exactness, may appear a waste of labour. Sir W, Her- 
achel conddered such problems worthy of attention, however, as 
supplying us with a time-measurer external to the Earthy and 
therefore possibly enabling us to detect slow changes in the Earth's 
rotation. The planet Mars, undisturbed by the attractions of a 
satellite (unless, indeed, some small moon as yet undiscovered 
attends upon him), and marked by easily recognisable features, is 
clearly the one to be selected for such a purpose; and although 
modem astronomers would hardly look to Mars for information 
respecting such changes, yet, I think, the bare possibility that at 
some future date the rotation of Mars may serve this purpose will 
make the investigation of the subject interesting to astronomers. 

Having by me a large number of pictures of Mars, and especially 
a aeries of charming tracings kindly given to me by Mr. Dawes, I 
determined to test the periods assigned by Madler and Kaiser 
(24^ 37°» 23-8* and 24»> 37°» 22-6* respectively). I found that, when 
the pictures taken by Mr. Dawes in 1852, 1856, 1860, 1862, and 
1864, were examined in pairs, the period 24*> 37™ 23» wa« perfectly 
satisfactory. Satisfied, therefore, that this period (or 88,643 seconds) 
was undoubtedly very near the true one, I took longer intervals. 
After being misled for a time by ^g^ 3, plate xvii., in Lardner's 
' Handbook of Astronomy,' which seemed to represent the same phase 
as Dawes' picture of Oct. 3, 1862 (see Lockyer's also of the same date„ 
in vol. xxxii. of our * Memoirs '), I noticed that, with the appended 
date and hour, that picture (so viewed) was irreconcileable with the 
picture of Sept. 14, 1830. Selecting the latter picture as far the^ 

▲ A 
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more marked of the two, I arrived at the conduflion that the period of 
88,643 seconds was slightly too great. Kaiaer^B value, 88,642*6, 
seemed, on the other hand, slightlj too small. I prooeeded to jet 
longer intervals with the provisional period 88,642*8, which I was 
satisfied was very nearly correct. The remainder of the calcnlation 
I will give more at length. So &r as I am aware the rotation of 
Mars has never before been tested by such long intervala. 

I took, first, Herschers observation of Sept. 80, 1783, for com- 
parison with Dawes' observation of Oct. 3, 1862. There are several 
peculiarities about this selection. First, the planet was nearly at 
the same part of its path (it is noteworthy that 42 revolutions of 
Mars differ by little more than two days from 79 revolutions of the 
Earth) ; secondly, he presented nearly the same fiice, and, thirdly, 
the dates of observation nearly coincide. It will be found that the 
interval actually separating: the two observations (HerscheFs made at 
10>» 30« Dawes at 12>» 16») is 

2,498,251,100 seconds. 

(It. will be remembered that 1800 was not a leap-year.) But there 
is a correction for phase, since the planet had not quite reached the 
phase seen by Herschel when Dawes observed it There is also a 
slight correction for difference of geocentric longitude, about 4^ 
Both corrections are additive, and they amount together to about 
4,000 seconds. The resulting period 

2,493,255,100 lecoiids, 

divided by 88,642-8, gives a quotient 28,127 very nearly. This is 

the number of revolutions which had elapsed between the two 

observations. Dividing, therefore, 2,493,255,100 seconds by 28,127, 

we get the period 

88,64276 seconds. 

To test this we can apply a much mere extended interval. For in 
the ' Phil. Transactions,' vol. i. 1666, there are two pictures taken 
by Hooke in 1666. They are dated March 3, 1665 (0^20» and 
0^30™ morning), which being translated into our present style 
becomes March 13, 1666 (12"20>» and 12«30»»). These pictures, 
the only fairly recognisable ones in the set of pictures by Hooke and 
Gassini (shown in the same plate), represent that long sea running 
north and south with which astronomers are familiar. 

I selected, first, a picture taken by Dawes, at lO** 50™, April 24, 
185G, in which year opposition occurred on April 2. Next I took 
Hooke's first observation for comparison with that made by Dawei 
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at 11* 46*, Nov. 26, 1864, an interval of more than 198 years ; and, 
lasdj, a series of dearly marked views of Mars, taken by Mr. 
Browning in January and February 1867, afibided me the oppor- 
tunity of esdmating the rotation of Mars by means of an interval of 
nearly 201 years. 

I now present in a table the results of the calculation of these 
three long periods, viz. from March 12, 1666, 12'' 20™ (astronomical 
time and New Style) to 

April 24th, 1856 • . . • » (i) 

Nov. 2eth, 1864 (ii) 

Feb. 23rd, 1867 (iii) 

Besulting 
Interralin Ck>r. for Oor. for Corrected Int. No., of Botation 
Int. wwomlii. Q«oc Long. Fhaae. in aeconda. Rotations Period. 

(i) 6,999,624,200 0® -12o 6,999,621,246 67,682 88,642737 

(ii) 6,270,660,760 -248 6,270,589,696 70,740 88.642734 

(iii) 6,341,394,300 -273 + 3 6,341,326,590 71,538 88,642734 

Here the results have been brought into close agreement by 
selecting suitable values for the phase-corrections. That these 
values are not far from the truth will be seen by the copies of the 
views in question (see Plate II.) ; the arc from cross-line to cross- 
line along the equator of Mars being, of course, 30^ 

The corrections for geocentric longitude may be depended upon as 
being within 1° of the truth. In Plate IL the positions of Mars and 
the Earth at the several epochs are indicated and connected by 
straight lines.* In determining the approximate position of the 
Earth at any date several circumstances have to be considered. 
Thus take the opposition of Mars in March 1666. I find that this 
took place at midnight (nearly) on March 18. But it will be seen 
that the opposition line is placed about one quarter of a d^ree iii 
advance of the position given to the Earth on March 21. The ex- 
planation of this will illustrate the process applied to each epoch : — 

My chart of the orbits of the four inner planets shows the position 
of the Earth from day to day, on the supposition that at noon on 
December 21 the Earth is at the winter solstice. Now, nearly 
enougb for our purpose, this was the case in leap-year in the 
beginning of the seventeenth century. But the Earth was about 45^ 
in advance of the winter solstice at noon on December 21 in leap- 
yean at the end of the seventeenth century — ^therefore, in 1664, 

* The method of interpreting the lines and drawings in Plate IL will be 
better underttood by following the full description of the final calculation in 
the IbllowiBg portion of this paper. 

aa2 
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about SC in advance. Again, in each common year the Earth loses 
15', so that in 1666 there was at any hour of any day, after 
February 28, a loss of about 30' from the position held by the Earth 
at the same day and hour in 1 664. Therefore the position of the 
Earth at midnight, March 18, 1666, was about that which would 
correspond to that date as the chart stands ; that is, about two days 
and a halfs motion (or nearly 2^°) behind the point marked March 
21. But owing to the precession of the equinoxes the lines oc V5^ 
and «Q6 '•f in my chart must be shifted about 2f ° forwards around 
their point of intersection to indicate the position they had in 1666. 
The difference ^^ indicates the amount by which the opposition-line 
in question is in advance of the position given to the Earth on 
March 21 in my chart. 

The close agreement between the results obtained — and that 
without any noteworthy forcing of the correction for phase, the only 
doubtful point in the whole question, induces me to look on the value 

88,642-736 sec. or 24" 37" 22-735« 
as very near the true value of Mars's rotation -period. 



Mr. Browning having mentioned to me several months ago, that 
he hoped to be able to obtain several drawings of Mars at the present 
opposition, by means of his 12-inch reflector, it occurred to me that 
I might avail myself of so favourable an opportunity to test the 
estimate I had formed of the rotation-period of Mars. It is true 
that, when an estimate is formed from the rotations occurring in the 
course of so long a period as 201 years, one cannot e.xpect any 
important correction to be obtained by throwing in the rotations of 
anotlier biennial period. But there was this to be considered : — 
The drawings of Mars which I had used in the former calculations 
had not been constructed with any reference to a computation of 
this sort. Those who are familiar with the difficulties inherent in 
the observation of Mars will recognise the fact that the draughtsman 
might very well place a feature slightly on one side or the other of 
its true position. I have found this to bo the case in drawings by 
the best observers, at least if the hour and minute appended is to 
be considered the true epoch at which the drawing is made. On 
the other hand, a simple observation having reference only to the 
central passiige of some distinct marking is a matter about which 
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there is much less chance of mistake. The experiments of Sir 
William Herschel as to the views which even unpractised observers 
form respecting the centering of a disc show how little chance of error 
there is in a matter of this sort ; and in the case of a practised 
obaerver like Mr. Browning the chance of error was much dimi- 
nished. 

The special work, then, which I asked him to favour me by 
canying out was the observation of a central passage of the ICaiser 
Sea (using the nomenclature of my chart of Mars) — that is, the long 
funnel-shaped sea running north and south, sometimes called the 
Hour-glass Sea» This feature is depicted in two views of Mars 
taken by Hooke on March 12, 1666 (New Style), at 12»» 20™ and 
12^ 80™ ; and my former estimates of Mars* rotation-period had 
been obtained by comparing Hookers views with drawings of the 
same feature by Herschel, Beer and Madler, Dawes and Browning. 
From the close agreement between the two drawings taken by 
Hooke and the true figure given to the Kaiser Sea, I am disposed to 
place much more reliance on his observations than one would ordi- 
narily accord to the work of the astronomers of the seventeenth 
century. There can be no doubt that he saw the Kaiser Sea under 
peculiarly favourable circumstances on that spring night in 1666, 
since his drawings will bear favourable comparison with any that 
have been obtained in recent times with instruments of moderate 
power. 

So much for the observation which limits one end of the long 
period. 

The observation next to be considered is the one which Mr. 
Browning obligingly made at my request. According to this obser- 
vation the Kaiser Sea was centrally situated on the disc of Mars on 
Febroary 4, at ll** 3™ G.M.T. A few minutes before this hour 
Mr. Browning felt certain that the sea was to the left of the centre, 
and a few minutes after he felt certain it was to the right. This 
will be understood when we remember that a point near the middle 
of the disc traverses t^it^ ^^ ^^ discos diameter in a minute. So 
that if we take a range of eight minutes on either side of the epoch 
of central passage, we get a range of motion equivalent to about ^th 
part of the disc's diameter, and there would be no mistaking so 
considerable a motion as this. 

At the hour of observation the longitude of the Earth was about 
135^ degrees ; that of Mars about 141^ degrees. Marking down 
the points thus indicated upon my chart of the orbits of the four 
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inner planets, and drawing in also the points occupied by the two 
planets at the epoch of Hooke*8 observation, I found the difference 
of Mars* geocentric longitude to be about 85^ degrees. From the 
care taken in the construction I think this result may be trusted 
ns within a quarter of a degree at the outside. It results that the 
correction for geocentric longitude may be obtained by adding the 
period in which the planet rotates through an angle of 85^ degrees, 
or by subtracting the period of rotation through 824^ degrees. 

Next as to the correction for phase. It is obrious from Hooke*8 
firHt drawing — see * Monthly Notices * for January 1868 — that the 
Kaiser Sea was some 18 degrees (or perhaps rather more) from 
central passage at the hour of observation. Thus we must deduct a 
further interval equivalent to the period of the planet's rotation 
through somewhat more than 18 degrees, because Browning observed 
the plnnet when rotated so many degrees further than when seen by 
Ilooke. 

We have then, in all, a deduction equal to the period of the 
planet's rotation through 324^^ + 18^° (say) = 343^. This 'cor- 
responds to a deduction of 

l^ X 88,64S secondB, 
dSO 

or 

8A,4fi7 seeonds. 

Now the total number of secoftds between 

Mffix^h 12th, 1S66, 12^ 20-, 

and 

Febniafiy 4th, 1869, 1 1^ 3-, 

will be found to be 

6,402,926,580 seconds, 

and the corrected interval is therefore, 

(6,402,926.580-84,467) seconds 
-6,402,842,123 seconds. 

The Afumber of rotations obtained by dividing this period by ft 
rough estimate of the rotation-period at 88,642*7 seconds is found to 
be 72,232. 

Lastly, dividing 6,402,842,123 by 72,232, we obtain for the rota- 
tion-period the value 

88,642*786 seconds, 

or 

22* 37- 22-736 8<H»ndf, 
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the value named in mj last paper on the subject being 

22k 37m 22-735 secondB, 

and the limits of probable error 

0*005 seconds. 

The three intervals befoi'e examined, ranging from 190 to 201 

years, gave severally 

88,642*737 seconds 
88,642-734 „ 
88,642-734 „ 

The interval now considered, one of nearly 203 years, gives a 
value between the greatest of these and the two others ; and as all 
the values now obtained lie between 

88^42*73 s. and 88,642*74 8. 

we may assume that the planet*s rotation-period is &irly repre- 
sented by the value 

22* 37- 22-736-, 

with a probable error of 'OOS' and a possible error of 01 5'. More 
than this error, which gives a range of *03" for each rotation, and 
therefore 36™ 6"*96 for the total niunber of rotations since the date 
of Hookers observations, it would be unreasonable to admit, since 
the planet's change of appearance, even in a quarter of an hour, is 
perfectly cognisable by a practised observer. 

Kaiser's period (22>» 37" 22-62») which differs from mine by 
0'115*, would throw the planet out, at the period of Hookers obser- 
vations, by an amount corresponding to the amoimt of rotation 
during 2^ 20"^. This is not to be thought of for a moment. Hooke 
depicts the Kaiser Sea at a distance of rather more than 18^ from 
the centre, and the change resulting from Kaiser's period would 
throw the Kaiser Sea nearly 50^ from the centre. At this distance 
it would have been lost in the haze near the planet's limb, even had 
Hooke's telescope been as powerful as the best modem instruments. 
On. the other hand, the &ct that Eodser was led to the period 
22^ 37m 22'62' by the comparison of some of the best modem draw- 
ings, taken over a widely extended period, suffices to prove that 
Hooke's drawing depicts the Kaiser Sea, and not the Dawes' Strait, 
which sometimes looks not unlike the Kaiser Sea, especially at that 
season of the Martial year in which Hooke observed the planet. 
For Kaiser's period throws the Dawes' Strait almost exactly in the 
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centre of that hemisphere of Man which would have been turned 
away from I look e at the time of his observation. 

The period deduced by MeBsrs. Beer and Madler, 22^ 37" 23-8", 
is disproved by Sir W. Hcrschers drawings; otherwise it would 
fairly account for Hookers drawing on the omission of a complete 
rotation. Hcrschers views coming midway between Hooke*s and 
modern drawings satisfactorily remove any doubt of tliis sort. 

Abridgod from the Monthly Kotices of the Royal Astronomical 
Society for Oct 1867, Jan. 1868, and April 1869. 
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NOTE ON THE SUN'S MOTION IN SPACE 

AMD ON THB BELATrVB DISTANCES OF THE FIXED 
STABS OF YABIOUS MAGNITUDES. 

Having Tecentlj had occasion to examine Mr. Main's ^ Table of the 
Proper Motions of 1,167 Stars,' and the conclusions with reference 
to the Sun's motion deduced from that table by a method devised by 
the Astronomer Royal, and carried out at his request by Mr. Dunkin, 
I have been led to notice certain &LCta which seem to me to be not 
without significance. 

In the first place, I would call attention to the table drawn up by 
Mr. Dunkin, in which the sums of the squares of the stars' proper 
motions are compared with the corresponding sums when the proper 
motion of each star has been corrected for the Sun's calculated 
motion in space. Mr. Dunkin comments on the singular smallness 
of the correction thus introduced. And this view seems abundantly 
justified by the table, which runs as follows, the divisions one to 
seven corresponding to Struve's arrangement of the stars in order of 
magnitude : — 

Sums of Squares of Motion in Parallel. 

Uncorrected. Corrected. 

Division 1 20637 1-2123 

2 1-8743 1-9292 

3 9-2894 9-5607 

4 6-4732 5-4608 
6 43-4126 42-4236 

6 14-8637 . 14-2750 

7 0-7814 0-7215 



Sum 78-7583 75-5831 



362 ASTBONOmCAL £SSAYS, 



Sums of Squares of Motion in N.P.D, 







Unoorreoted, 


Oomoted. 


Division 1 


8-7231 


5-6883 




2 


0-5361 


0-7805 




3 


4-9739 


4-7569 




4 


6-9390 


6-5255 




6 


39-4335 


88-7292 




6 


4-5671 


4-3376 




7 


0-0951 


0-0904 




Sum 63*2668 


60-9084 



Ck)mmentiDg on this result, Sir John Herschel remarks : ^ No 
one need be surprised at this. If the Sun move in space, whjr not 
also the stars ? And if so, it would b« manifestly absurd to expect 
that any movement could be aaugned to the Sun, by any system of 
calculation, which would account for more than a very small portion 
of the totality of the observed displacements.* 

It had always seemed to me that this conclusion might require to 
be modified if the question were subjected to mathematical scrutiny ; 
my reason for forming this view being this — that the largeness of 
the number of stars operates as much to increase the extent of the 
correction as to increase the amount of the uncorrected squares, 
since every star is affected by the Sun^s motion in space. 

It occurred to me recently that the following i^mple geometrical 
proof serves to show that the correction to be looked for is much 
larger than that which Mr. Dunkin*s figures exhibit. 

Suppose that in any small region of the sky a large number of 
stars (say n), all at the same distance from the Earth, are travelling 
in all directions with a velocity exactly equal to that with which 
the Sun is travelling. Let us suppose that the motion of any one 
of these stars which is travelling at right angles to the line of sight 
carries the star over an arc p ia & year ; and that the region of the 
sky is so situated that the effect of the Sun*s motion on a star at rest 
(at the given distance) would be to produce an apparent annual 
proper motion ^, 

Let A B (ftg. 19) m,p 
CD =^ 

Suppose two of the stars to move in opposite directions, S Sj, 
S S2, along the same straight line, both (we may suppose for con- 
venience) starting from S, and the lines S S^, S 82, being in reality 



Fio. 19. 
A B 
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^squal to A B, but foreshortened. Then the sum of squares for these 
^rtars, if unaffected bj the Sun*8 motion, would be 

. . -SS,« + SS.«, 

^here S S|, S S„ represent the apparent lengths of these lines. 

Suppose that S E is the apparent motion due to the Sun^s real 
motion, so that S E = C D. 

Complete the parallelograms 
8 Si 8, E and 8 E 84 8^ and 
draw their diagonals. Then 
the sum of squares for the two 
stars as affected bj the Sun's 
motion, 

= 8,E« + SiE« 
-SSi« + 8S,« + 2ES« 

Therefore, for every pair of 
stars moving in opposite direc- 
tions, there is an increase of 2 q'* in the sum of squares. Therefore 
there is an average increase of ^' for each star in the region. 

Now a moment's consideration will show that, precisely as the 
lines 8 Sj and 8 8, vary from the full length A B to zero, as we 
vary the supposed motion in all directions around S (for stars in a 
given small region of the heavens), so does G D vary from A B to 
zero as we shift the small region over the heavens. It is not merely 
that the limits of change are the same, but the proportion of lines 
of a given length 8 8| for the star's motion is exactly the same as 
the proportion of corrections equal to S S^ for the Sun's motion. 
Since, therefore, for each region there is an increase per star equal 
to the square of the proper motion due to the Sim's motion (for 
that region), and the several stars of each region have proper 
motions varying according to exactly the same law as that accord- 
ing to which the effect of the Sun's motion varies over the celestial 
sphere, it is obvious that for the whole sphere the effect of the Sun's 
motion must be to increase the sum of squares by an amount 
exactly equal to the sum of squares due to the stars' own motions. 
In other words, the sum of squares is doubled through the effect of 
the Sun's motion, if only the Sun be assiuned to travel at the same 
rate through space as the several stars at a given distance from him. 

It is obvious also that the same is true if the stars at a given 
distance move with different velocities, but the Sun's velocity is 
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the mean (its square equal to the mean of sum of squares) of the 
velocities of the stars at said distance. 

Further, if the mean velocity of the stars at a given distance be 
Pf and the Sim's velocity be q, then we have the ratio 

Corrected tmm of squAres j^ 
Uncorrected som l'* + J** 

Before proceeding to apply this law, I propose to deduce it by 
another process, which will serve to indicate what is the actual sum 




B 



of squares, corrected or uncorrected, for a given lai^ number of 
stars, all at the same distance from the Earth. 

Let A B C D, Fig. 20, represent a small circular space on the 
celestial sphere ; and suppose a large number of stars within this 
space, travelling in all directions with a mean velocity which 
would give to one moving at right angles to the line of sight an 
annual proper motion = p. Then, in order to determine the 
mean square of the apparent proper motion — the Earth being 
supposed to be at rest — we may suppose every star to start from. 
O, O B =j9, and that the points towards which the stars are severally- 
moving are imiformly spread over the small sphere A B C D. 
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Take dow a thin zone of the sphere's surface by parallel planes 
p>erpendiciilar to O B, through L K, ME, where 

OIj=:x, 0M»dr + 8jr. 

Then the number of stars whose directions lie towards some part 
of this zone, is (by a well-known property of the sphere), 

n. 9x 

n being the total number of stars. 

Again, take planes B O I, B O J, inclined at angles and + ^0 
to the plane through O B and the observer's eye. 

Then the nimiber of stars whose direction is towards some part 
of the small element ^ H of the sphere's surface 

nSx 9 8 
"* 2p * 2V 

When the element I H is taken small enough, each of these stars 
has an apparent proper motion, whose square 

Therefpre, it follows that the mean value required 

•^ o 

« 2;p« /^2 J 1 + C0P2 fl 8(1 -co82g) )^ 
»» / J 2 2 ( 



3"' 

and the sum of squares is therefore 

2 np* 
"~3" 



(1) 



(2) 



Next let us inquire what the sura would be if the solar system 
were moving in such a manner that each star within the circle 
A B C D was affected by a proper motion q {m any direction) due 
to the Sun's motion. 
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Let the motion be parallel to O B, and from right to left. Then 
it is clear that the only change in the expresaion to be int^rated, 
is, that for x* we must write (a;— j)'. Therefore the mean square 
will be 

In this case, then, the sum of squares is 

-^2-%-S'. (4) 

Lastly, we have to inquire what is the sum of squares for N stars 
scattered over the whole of the c^estial sphere at a given distance 
R, each affected by the proper motion p in space^ the Sun being 
affected by a motion P {p and P representing the arc-motions due 
to these respective proper motions, when supposed to be taking 
place in a direction at right angles to the line of sight, and to be 
seen from a distance R). 

Li Fig. 20, let A B C D now represent the celestial sphere, and 

take 

OL-y 
LM»ffy; 

then the effect of the Sun's motion upon all stars in the zone K MK' 
will be to affect them with a proper motion, 

P sin C08-* I ^ I 

-V(-£)- 

Hence, by (2) the average proper motion of stars in this band 



3 



and, therefore, for the whole sphere, the average proper motion, 
-fCp'+P'). («) 
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and the sum of •quares of proper motions 

-^(I'^+P*) (6) 

If P s=j9 (that is, if the Sun*s motion be assumed equal to the 
average motions of the stars) the sum of squares 

-if .1^. (7) 

The use of the integral calculus, as above, would only be justi- 
fied where N is infinite ; but where N is considerable, the result 
must be a close approximation to the truth, with the assumed 
conditions. And even where N is small, the above result is the 
most probable, in the case of a random distribution of the N stars, 
and of the directions of their motion. 

Now, if we apply these results to the tables given above, we can 
determine how fiu* the observed proper motions of the stars are con- 
flifltent with the supposition that the Sun's proper motion is not 
Tery different from the mean proper motion of the stars of different 
magnitudes ; and thence we can form an opinion as to the justice of 
those estimates of the stars* distances on which the values of the 
corrections tabulated above have been determined. 

First, we require the sums of squares of proper motions, without 
reference to direction. Since the square of a star's proper motion 
is equal to the sum of the squares of the star's proper motion in 
parallel and in N.P.D., we have only to add the respective sums 
of squares in the two tables given above, to deduce the following 
table:—. 

Sums of Squares of full Proper Motion, 

N. 
Division 1 8*7868 6*9006 9 



»» 
ft 
It 
f» 
»f 





Unoorrected. 


Oorrected. 


1 


8*7868 


6*9006 


2 


2*4094 


2*7097 


3 


14*2638 


14*3178 


4 


13*4122 


11*9863 


5 


82*8461 


8M528 


6 


19*4308 


18*6126 


7 


0*8766 


8119 



55 
146 
238 
330 
368 

21 



Sum 142*0251 136*4917 1167 

Let US first apply formulae (2) and (6) (remembering that formula 

(2) is true for the whole celestial sphere). We have from them, — 

2 N 
Uncorrected Bum of squares ■■ — ( jj* + P»), 

o 

Corrected sum of squares « — -1-^ 
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Hence 



p,^ j/ correction \ 
\corrected sum/ 



Applying this successively to the several divisions, we obtain 

For Division 1 V ^p (-62) 

2 P has an imaginaiy value 

3 P has an imaginary value 

4 P - jj (-34) 

5 P -1)(-18) 

6 P « J? (-21) 

7 P = p (-28) 



}> If 

»» >» 



»i »» 

tf ft 



The results for the second and third divisions suffice to show that 
the numbers of stars which fall under these heads are insufficient 
for a satisfactory determination; and therefore, a fortiori, the 
number of stars in division 1 is insufficient. Hence the result 
P = p (*52) must be dismissed as valueless. But even at this stage 
of the inquiry we begin to recognise that there must be something 
wrong about our assumptions. For even if the numbers 55 and 
146 were not in themselves large enough to lead us to expect a 
satisfactory evaluation for stars in the second and third divisions, 
yet the fact that the Sun^s motion in space has been correctly 
deduced from a smaller number of stars would justify such an 
expectation. 

I should be led then to suspect from this evidence, that if 
divisions 1, 2, and 3 had been taken together, a more satisfactory 
conclusion would have been arrived at, notwithstanding the apparent 
necessity of assigning diiferent distances to stars in these divisions. 
However, it is not possible to determine how far this suspicion is 
justified without going over Mr. Dunkin's labours afresh, with 
changed assumptions ; and I have no leisure for the long processes 
of calculation this would involve. 

Next we may notice that the results for divisions 4, 5, 6, and 7 
are very far from satisfactory. I cannot think it credible that the 
real solution of the difficulty involved in the smallness of the 
observed corrections is to be found in the assumption that the mean 
motion of stars of the fourth magnitude is three times as great as 
the Sun's, the mean motion of fiflh- magnitude stars nearly six times 
as great as the Sun's, and so on. 

If we try the effect of diminishing the assumed distances of stars 
of the 4th, 5th, and Gth divisions, so as to accord with the observed 
relations, on the assumption that in reality P = />, we have (the 
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assumed diflUnces being ^'76, W4, and 7'86,* respectively) the 
following results : — 

For Dirision 4 Distance - 376 x -34 = 1*28 

„ „ * If ■* 5-44 X -18 =» 0-98 

6 „ = 7-86 X -21 « 1-66 



ft »» 



As division 7 includes but 21 stars, we cannot expect any trust- 
worthy results from traating it in Uie same way. 

The evidence thus &r seems strongly opposed to accepted views 
respecting the distances of stars of the smaller visible magnitudes. 
A farther inquiry on this point seems, therefore, suggested. And it 
is obvious that in the above table of sums of squares we have the 
means of testing how far the assumed distances of the stars of 
various orders accord with the observed proper motions. I make 
the assumption that the Suu*s motion is equal to the average proper 
motion of the fixed starSw This assumption affects the actual, but 
not the relative, values of the distances which result from the 
following processes. 

We have then formula (7) to deal with. Applying it to the 

4 N 
successive orders of stars, i.e. putting — /?* successively equal to 

o 

the values tabulated in the foregoing columns of uncorrected sums 

of squares, we obtain 

Rerolting 
Distftnoe. 

1 

47 

32 

41 

20 

4-5 

60 

This result is unsatisfactory in the extreme. We find stars of the 
second magnitude placed further from us (according to this mode of 
estimating their distances) than stars of the 3rd, 4th, 5th, and Cth 
magnitudes. 

Remembenng the evidence we have already had, that ( 1) there is 
something erroneous in our assumptions respecting star-distances; 
^nd secondly, that small numbers of stars are insufficient for our 
guidance, let us apply a test which there ought to be no mistaking. 
Xiet us divide the stars into two sets, the first including divisions 1, 

* Struvo's values. 





Apparent 
Proper Motion. 


l>ivi8ion 1 


0-867 


2 


0182 


,» 3 


0-268 


^ 


0.208 


6 


0-433 


.» 6 


0191 


7 


0173 
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2, 3 ; the second including the remaining diyisions, and let us «'ipply 

formula (7) to these sets. 

We obtain, 

For Set 1, Apparent Proper Motion, 

For Set 2, Apparent Proper Motion 

- y WW) - '■''''■ 

This result would piake the mean distance of stars of the ^rst 
three magnitudes equal to (or very slightly less than) the mean 
distance of stars of the next three magnitudes ! 

I am very far fron^ supposing that this result accurately represents 
the relations subsisting among the stars ; but I do think that it 
suffices to render the usually accepted views respecting stellar 
distribution wholly untenable. Remembering that whatever theory 
we form regarding tlie relation between the apparent brilliancy and 
the real distance of the stars, we must yet recognise the fact that the 
stars are at very various distances from us, I think it must be 
admitted that the apparent brightness of a star is, to a certain extent, 
an argument of relative proximity. A large proper motion is also 
an argument of relative proximity. If the two indications agreed 
either for separate stars, or for sets of stars arranged according to 
apparent brilliancy, there would be no difficulty. As we find, how- 
ever, that there is no such agreement, we are forced to consider 
whether brightness or large apparent motion is the stronger evidence 
of proximity. Judging from the analogy of the solar system, in 
which the range in the variations of magnitude is enormously greater 
than tlie range in the variations of velocity, we seem strongly led to 
look on the proper motions of stars as in reality the best evidence 
we have respecting their distances. But this conclusion is very 
much strengthened when we remember that the dynamical con- 
ditions in the sidereal system must be much more unfavourable to 
the occurrence of wide variations ' of velocity, than the conditions 
which prevail in a system of bodies circling around a central body 
enormously large compared with any of its dependent orbs. 

I think, then, that I may fairly look upon the above inquiry as 
aflfording very striking evidence in favour of the view I had formed 
from other considerations, that the assumed estimate of the distances 
of the snipUer stars has been greatly overrated. And as this con- 
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elusion may obviously be extended to yet smaller stars, I think that 

I have not been deceived in looking upon the relations which subsist 

between the Milky Way and the lucid stars in its neighbourhood as 

very much more intimate than has been commonly supposed. I 

believe that future researches will prove, not only that the Milky 

Way as a whole is much nearer than we have been imagining, but 

that portions of it are absolutely nearer to us than the brightest of 

the single stars. That parts of the Milky Way, for instance, in the 

neighbourhood of a Centauri (the nearest of the fixed stars, so far as 

is yet known), are nearer to us than that star, I think the whole 

aspect of the galaxy in that neighbourhood sufiices to suggest, if not 

to demonstrate. 

Monthly Notices of the Royal Astronomical Society for November 1870. 



B B 2 



372 ASTRONOMICAL ESSATB. 



APPENDIX C. 



-•o*- 



NOTTS ON THE TRANSIT OF VENUS IN 1874. 

AND AN XXACT DETESMINATION OF THOSE POINTS ON THE BARTH's SUBFACB AT 
WHICH INTEBNAL CONTACTS AHB MOST ACCELERATED AND BBTARDED BT PARAL- 
LAX. "WITH AN ADDENDUM BEFEBBINO TO THE POSSIBILITY OF DBTEBMINING 
THB 80LAB PABALLAX BT THE SAME SOBT OF OBSBBTATIONS IN 1874 AS WERE 
MADE IN 1769. 

Having applied geometrical tests to the elements discussed in the 
paper and maps by the Astronomer Royal {* Monthly Notices,' 
December 11, 1868), I was led to believe that some of the cor- 
rections which would result from an exact calculation of the cir- 
cumstances of the two Transits of Venus, would be larger than a first 
view of the subject might suggest. I now present some of the 
results to which my examination of the Transit of 1874 has led me, 
reserving for a future occasion the examination of the Transit of 
1882. 

I premise that internal contacts are the phenomena to be specially 
considered ; so that, although I have calculated the position angles 
for external contacts and passages of Venus's centre, I have not 
thought it necessary to determine the exact points on the Earth's 
surface at which these phenomena ai-e most affected by parallax. I 
must also add that I have taken as the basis of my calculation the 
following elements calculated by Mr. Hind, and obligingly supplied 
me by the Astronomer Royal. 

Transit of Vemts, December 8, 1874. 

For the centre of the Earth. 

Ingress, 
h m s 
External contact 13 46 6$ Greenwich Mean Solar Time. 
Internal contact 14 15 57 „ » 
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has 

17^7 i GnamwiAMmM So^ Ti 
ExUmltxmOMt 18 26 ^ 



The dements sent wmt who ontitntied tbe pocitioo-aziglet for 
external contacta, bat as tlieae were cnlj gircn to tenths of degree.s 
I preferred to recalcokte them. 

From an examination of these dements I learn diat the efltimated 
diameter of Venus is about 7^3^ milea, eorresponding to an apparent 
semidiameier of d"*d05 at the Eaith*s mean distance, and an assomed 
eqoatorial horizontal solar paiallaT of 8"'94. 

The Son's longitnde on December 8, 1874, at IG^, I estimate at 
25^ S7' (with sufficient appcoximation): the apparent inclination of 
the Son's eclipcieal diamelfr to a declination-paralld 5^ 5^ (tbe 
western end raised towards the north) ; the San*s declination 
'22^ 49' S. 

The ibrmobe I have osed are fimnded on the li^lowing considera- 
tions. ConoeiTe the Son and Earth enclosed in a cone whose 
Tertex is beyond the Earth, and also in a dooble cone whose Tertex 
lies between the Earth and the Son. These cones will have a 
common axis — ^namelj, the Earth's radios rector. Now, it is ob- 
vioos that when Yenos has reached the sor£ux of the ooter cone, a 
transit commences at a certain point on the Earth's soriace. As 
soon as Yenos has reached the soriace of the inner cone, transit has 
b^^ fer all places on the Earth's illominated hemisphere. Tbe 
former contact corresponds to the case of ingress accelerated by 
parallax, the latter to the case of ingress retarded by parallax. 
Similar considerations apply to egress as affected by parallax. 

It is dear that if we soppose the Earth's radios-rector redoced to 
rest and the motion of Yenos correspondingly retarded, the re- 
maining motion of Yenos is that with which she may be assimied to 
trarerse the section of the pair of cones abore described. Thos it is 
eai^ to calcolate the doration of a central passage for external and 
internal contacts, or for the centre of Yenos, and either for the ooter 
or inner cone, or for a cone between the two baring the Earth's 
centre for rertex. The case of external contacts for the last- 
mentioned cone gires the doration of a central transit as seen from 
the Earth's centre ; and by comparing this doration with that giren 
in Mr. Hind's elemmts, we can tell how &r the transit of 1874 
diffisn from a central one. 
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On such consideTations the following foxmuks and calculations are 

founded : — 

Let D •- Sun's diameter. 

d a Earth's mean distance. 

<f ■• Venue's mean distance. 

r s Earth's actual distance. 

/ •- Venue's actual distance. 

t; a Earth's mean Telocity. 

t/ •■ Venue's mean Telocity. 

A ■■ Earth's mean diameter. 

A' M Venue's mean diameter. 

t •■ inclination of Venus's orbit. 

Then t/ssv^ / - ; the actual velocity of the Earth is t; - (very 

ly) ; that of Venus is t;^ / j7 • z?* ~ ^^ — zr~ » velocity of the 

dr' 
Earth's radius vector at Venus's distance is v— -, Whence it 

readily follows that the actual velocity with which Venus crosses 
the section of the cones described above is 



near 



_ / ( ^/dd: dff .)2^ \d^ . .)2 

s=V, suppose. 
Also the cross- section of the cone whose vertex is at the Earth's 
centre is D [ — — )• Therefore, the duration of a central transit 
of Venus's centre 

V L "V""/' 

the duration of a central transit for external contacts 

the duration of a central transit for internal contacts 

all these phenomena being supposed to be seen from the Eartli's 
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eentre. To detemdne the interval between pbemomena affected by 
paraUaXy we have, the section of the outer cone mentioned above 

the section of the inner cone mentioned above 

D(r-/ ) Ar^ 

and it is readilj seen that, for a central transit, the interval between 
first external contact niost accelerated by parallax and last external 
contact most retarded, is 

the interval between first external contact most retarded by parallax 
and last external contact most accelerated, is 



- M"-^^'-^'-}^ 



the interval between first internal contact most accel^ated by 
parallax and last internal cont£ict most retarded, ik 



-U-'r^'-'r-'-}^ 



and, lastly, the interval between first internal contact most retarded 
by parallax and last internal contact most accelerated, is 



U^^-V-'-}^ 



By takiilg the recognised values of D, A, A', v, d, d\ and i; 
r =-98480 (the Earth's mean distance being unity), and ;•'= 72040, 
all the above intervals are readily calculated. The duration of a 
central transit of Venus*s centre, seen fi-om the Earth's centre, r^ 
found to be 7^ 55™ 8 '2 5 6'. A similar transit calculated for external 
contacts has a duration of 8^ 10™ 25»-i40, or 8-17365 hours. Since 
the duration of the transit of 1874, estimated for external contacts, is 
4-6525 hours, we have for determining the arc 2d of which the 
actual path of Venus is the chord,* the equation 

fein 9 - j:?^= sin 340 41' 40" approximately ; 
8- 1736 '^^ ^ 



* The arc and chord here referred to belong to a circle having a diameter of 
< D ^-^ —' + A' > ; but the position-angles eventually deduced may, of coarse, 
be referred to the Sun's disc. 
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and it is clear that the distance separating the chord of trmsift from 
the centre of the section is 



2 I r / 



This distance is a constant in the calcnlation, and it will be con- 
venient to call it k. 

Now, if we want to determine the duration {t) of the transit of 
Venus acroHs a section of any other radios, as «, and the cor- 
responding arc of transit (2 ^) we have the formule 

COB ^ = - ; and t « -^^ 

s V 

We must give to 2 5, successive! j, the four values included in the 
expression 



rD(r-t^) 



\ 



± /k 



r-}- 



In tliis way the durations were calculated which correspond to the 
epochs given in the accompanying table. For deducing position- 
angles from the arcs of transit, we have — 

The apparent angle at which Venus is ascending from the ecliptic 
towards the west 

- • + tan— 1 \ ^- 1 =« 9® 9^ 

The angle at which the rcliptical diameter of the Sun is inclined to 
a dcclination-parallel (west end raised towards the north) 

= 6<> 36'. 

Therefore the apparent angle at which Venus is croraing a 
declination-parallel, rising towards tlie west^ ^14*^ 45'. 

Thence it readily follows that the arc of transit 2 (34° 41' 40") 
corresponds to the following position-angles, — 

External contact at ingroBB, 130° 33' from S. through E. towards N. 
M n egreBB, 160° 4' „ „ W. „ 

These values correspond satiKTactorily with those given by Mr. 
Hind, viz. 130**-6 and 160° 0. The same angle 14** 45' applied to 
the transit-arcs obtained in the other cases examined, gives the 
position angles in the second column of the following table : — 
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Elements of the Transit of Venus^ December 8, 1874. 

G. M. T. Position angle. 

has o / 

First external contact, most accel. bj par. 13 37 35 128 48 from S to E. 

,, „ from Earth's centre 13 46 56 130 33 „ 

„ „ most retarded by par. 13 57 47 132 41 „ 

First internal contiict, most accel. bj par.* 14 3 59 133 56 ,, 

„ „ from Earth's centre 14 15 57 136 28 „ 

,, „ most retarded bypar.* 14 29 6 139 26 „ 

Last internal contact, most accel. by par.* 17 43 58 168 57 from S. to W. 

„ „ from Earth's centre 17 57 6 165 69 „ 

„ „ most retarded by par.* 18 9 4 163 27 „ 



Last external contact, most accel. by par. 18 15 15 162 12 „ 

„ „ from Earth's centre 18 26 5 160 4 ,, 

„ ,, most retarded by p4r. 18 35 26 158 19 „ 

To which may be added, 

First passage of $ 's centre across Son's limb 14 51 133 17 from S. to E. 
Last „ „ „ 18 12 11 162 48 from S. to W. 

(both as seen froia the Earth's centre). 

The phenomena marked • are those which now concern us. We 
notice, first, that the maximum interval of time to be determined by 
the observations applied to the ingress and egress (internal contacts) 
is 25" 6". This is the interval which would result if each observa- 
tion were made when the Sun is only raised above the horizon 
through the effects of refraction. A somewhat longer interval might 
be dealt with if the effects of refraction were considered, and if the 
observation of contact were possible when the Sun is close to the 
horizon. But we need not inquire into the possible extent by which 
the interval might thus be increased, since observations when the 
Sun is on the horizon are not available in the present instance. 
Practically we may consider that an interval of about 20" has to be 
dealt with, or at the outside 22°». As this interval is directly 
proportional to the solar parallax we can estimate the effect of errors 
of observation, or of error in the determination of the longitude of a 
station. An error of one second in the determination of an interval 
of 21" would correspond to an error of about 0''*007 in the 
determination of the solar parallax. 

(In an addendum, I propose to deal with the method of detenuin- 
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ing the solar purnllax by difference of duratioos, so ^ as tbia method 
is ii[iplic:]il)le to tlie transit of 1874. UnlcB" I mUtake, I eLall bag 
able lo flhow that more ia to be bopeil from the htter t 
thnn from tbe one fthich is tbe object of the present i 
gatioii.) 

To return to the conaiilerution of the actual circumatanoea ttndj 
which ingreM oad egrei<s me moat affected by parallax. To d 
mine the longitude and latitude of the four points on tbe t 
aurCtce at which the Acceleration and returdalion liave their n 
values, WQ liave the following forumltc — 

Let P= Che pusitioD-anglo. meusumd fram the loulti point. 
t= Suh'h dncliaaUou. 

•■Baquation of timr (ulditiTe to meui time). 
Arbour at which a pheDomeDun (ingreei or vgreoa) ooean. M 
fmlatituds arpoiut nnjuired. 

X' ' longitadB of point required (*' twiag ei«limftted 1 
meriilian ntuog which it is sppareDt noon at tbs (> 
tiio pbcDomenon). 
Then via I - fos P coi I ; nod cot A'-cot P Sin >. 

I give the formula; in tliie form aa being that I have n 
Sirioily Hpoakiiig, a rt-fureiice ahould be luuJe to the Bigua ot Ifi 
but the cireuiiintiincKia of vavh esutu hto <jui[u itulEcicut t( 
any doubts whicli mignt ariue. li ia obvious that fur the fintl| 
fourth |ihenomeiui murked ' in the nbove table, the latitude iaiji 
and for the others south ; because, referring t 
coneiderations it ia eaen that the tangent-linea cc 
former pair of phenomena belong to a cone whot 
the £arlh, whereaa tho tangent- llnt-fl correspond i tig to the < 
plienomena belong a cone whose vertex lies between the Earth ji 
the Sun. From aiiiiilar cunaiderutions it fullows that tbe longjtndaft 
m tbe first and third cnHes arc (-UHtwsrd of the meridian along wbi^ 
it is noon at tlie respective epochs, whereas, in the second and lotmb 
caaeit, (lie longituilea are westward of the cdrrespOQiling meridian. 
With this relation in view, the actual longitude (\) east of Green- 
wich ia given by the expresaion 

(Note, e chatigea by a few seconds during the progress of the 
trantut.) 



Lat. 
o / 


Long, 
o / 


39 45 N. 


143 23 W. 


44 27 S. 


26 27 E. 


64 47 S. 


114 37 W. 


62 6 N. 


48 22 E. 
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138 we obtain the following results : — 

t) The place at which first internal contact is 
most accelerated lies in 

i) The place at which fir^ internal contact id 
most retarded lies in ... . 

i) The place al which last internal contact is 
most accelerated lies in ... 

r) The place at which last internal contact is 
most retarded lies in ... . 

a comparison of these positions with those marked in the 
lomer Royal's maps, it will be noticed that the agreement is 
closer for the places which fall in north latitude (that is, cases 
I rV.) than for the other two. Indeed, as respects the two 
r positions there is little to affect the general conclusions which 
stronomer Royal has deduced from geometrical considerations. 
e I. (first map of Plate VI.) the point of maximum acceleration 
Jen removed some 280 miles towards the norLh-west, rather 
rly; and in case IV. (second map of Plate VII.) the point of 
tiom retardation has been removed some 220 miles towards the 
•east. 

s in cases 11. and III. (see the other maps of Plates VI. and 
that the most important changes have been made. In the first 
ant of maximum retardation has been removed to a distance 
vrards of 800 miles towards the south-west. This change is 
curable so &r as the choice of stations for observing the re> 
L egress is concerned. Fort Dauphin in the Island of Mada- 
• (where, however, the Sun would be low at the time of internal 
it at ingress) and Prince Edward and Marion Islands, are the 
I which, with Crozet's Island and Kerguelen's Land, are best 
I for this observation. 

case III. the change which has been made is not quite so large. 
x)int of maximum acceleration has been shifted nearly 700 
iowilrds the south-east, rather easterly. This change is also 
Durable, as it removes the point further away firom all the 
1 mentioned by the Astronomer Royal. It follows that Auck- 
island. Emerald Island, and Victoria Land, are the places best 
ed for observing the egress accelerated by parallax.* 

le results of calculations similar to the ahove, applied to the transit of 

ure as follows : — 

) elements marked * heing deduced from the formulas discussed in my 
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A portion of the corrections which have here been mentioned are 
due to the choice of internal contacts as the phenomena to be chiefly 
attended to. I believe no doubt can exist that this choice is a just 
and proper one. Indeed, so fiu* as I am aware, no calculations for 
the determination of solar parallax have ever been founded on 
attempts to determine the epoch of external contacts. 



Since the above was written I have re-examined the whole 
subject by a new method, with results strictly accordant with those 
above obtained. But additional inquiry into the circumstances of 
the transit of 1874, with special reference to the question of dura- 
paper in the March number of the ' Notices/ and the others being Mr. Hind's 
fundamental elements of the transit] — 

Podtion-uiffle. 
G.M.T. From 8. to B. 
k B ■ o 

First External Contact (from Earth's centre) 1 65 38 347 

*First Internal Contact (most accelerated by parallax) 2 7 51 32*6 

„ (from Earth's centre) 2 15 56 

(most retarded by parallax) 2 24 18 29*8 



If «f 



Prom 8. to W. 
*Laat Internal Contact (most accelerated by parallax) 7 44 5 61*3 

„ „ (from Earth's centre) 7 52 27 

* „ „ (most retarded by parallax) 8 32 64 1 

Last External Contact (from Earth's centre) 8 12 47 661 

The calculated positions of the places where ingress and egress are most 
affected by parallax, are as follows : — 

(i) The place where first internal contact ") 
is most accelerated, lies in / 

(ii) The place where first internal contact 1^ 
is most retarded, lies in J 

(iii) The place where last internal contact "1 
is most accelerated, lies in / 

(iv) The place where last internal contact 1 n^ ao o lo'^ n i? 
IS most retarded, lies m J 

Not one of these places differs by much more than 300 miles from the oorr^ 
spending place obtained by considering the passage of Venus's centre, with the 
position-angle for external contact, — the phase with reference to which these 
places had hitherto been calculated. 

The transit of 1882 has an interest which that of 1874 wants, in beii^g par- 
tially visibla in EogUad. 
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fcdion, and for the oaae of internal (Sontacts, has led me to still clearer 
^svidenoe of the value of this transit. I have constructed the ortlio- 
^imphio projections of the Earth for the epochs of first and last 
s^ntemal contacts as seen from the Earth*8 centre. Across these 
"projections I have laid down the lines which mark the order of the 
oocurrence of internal contacts as seen from different parts of the 
'Sarth's sor&ce, from minut^ to minute. Thus, in the firHt pro- 
jection I have a series of twenty-six Hues commencing with a 
tangent to the Earth^s north-easterly quadrant, 133° 56' from the 
north, and ending with a tangent to the Earth^s south-westerly 
quadrant, 139° 26' from the south : in the second I have a similar 
number of lines commencing with a tangent to the Earth^s south- 
easterly quadrant 165° 59' from the north, and ending with a 
tangent to the Earth^s north-westerly quadrant 160° 4' from the 
aoath. These lines enable one at once to recognise the best stations 
ibr observing the transit as most lengthened and as most shortened 
bj parallax. 

I find that any part of a nearly circular region extending from 
Lake Baikal to the southern part of Saghalien Island, and from 
north latitude 40** to north latitude 60° gives a well-lengthened 
truudt, while the northernmost part of this region gives a lengthen- 
ing of about 16^™. For southern stations there is a wide range of 
• choice, though only three or four stations give nearly the full available 
shortening. I find that Petra Island (assuming it rightly placed in 
my atlas, yiz. in west longitude 88*, and south latitude 71°), gives a 
transit shortened by 20™. The place near Repulse Bay mentioned 
by the Astronomer Royal as suitable for the observation of the 
transit of 1882, gives in 1874 a shortening of 18^™. The place near 
Victoria Land similarly referred to by Mr. Airy, gives a shortening 
of 18|"* in 1874. A place on Enderby Land will give a shortening 
of no less than 20^°*. Crozet's Island and Kerguelen's Land are 
also suitable, giving transits shortened by 17™ and 16™ respectively. 
Macquarie Island, Royal Company Island, Hobart Town, and even 
parts of New Zealand, would serve as useful subsidiary stations. 

The best southern station taken in conjunction with the best 
northern station gives a difference of duration of no less than 36^™. 
The maximum of difference in 1882 will be about 28™. This is 
founded on the Astronomer RoyaFs statement that Sabrina Land 
and Bermuda give a difference which is to the absolute maximum 
of difference (32J™ for internal contacts) as 34i to 400. Thus if 
we assume the value of a transit to be directly proportional to the 
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observable difference of duration, the transit of 1874 is more valu- 
able than that of 1882 in the proportion of 36^ to 28, or more than 
9 to 7. If, however, we hold that the slowneas of ingreps diminishes 
the value of a transit in preciselj the same proportion that it 
increases the maximum difference of duration, the transit of 1874 ii 
inferior to that of 1882 in the proportion of 

^^5 to ^. OP almost exacUy 6 to 7. 

Probably the truth lies between these results, so that we maj 

assign to the transit of 1874 a value which bears to that of 1882 the 

ratio of 

^ (9 + 6) to 7, that is, 15 to U. 

Judged in either way the transit of 1874 is superior in value to 
that of 1709, as actually utiliaed. 

In any case, it seems clear that the method founded on observed 
differences of duration is not inapplicable to the transit of 1874. 
On the contrary, when we remember all the difficulties in the way 
of the second method, the former seems to be the one from which 
the most satisfactory results are to be expected. 

Monthly Notices of the Royal Astronomical Society for March 1869. 



In the * Monthly Notices ' for March 1869, 1 indicated my intention 
of applying more exact modes of examination to the circumstances 
of the approaching transits of Venus, than had hitherto been consi- 
dered necessary. In resuming the examination of the transit of 
1874, I feel it necessary to call attention to that statement of my 
object, lest it should be thought that the corrections which I have 
been led to make on former resulta, point to errors in the processes 
by which those results were obtained, whereas, in reality, they are 
only due to the intentional neglect in prior work of considerations 
which even now many may be disposed to look upon as unneces- 
sarily exact for the piuposes of a preliminary inquiry. To still 
further obviate this objection (which, however, is not likely, I 
think, to occur to any one who has read my former papers), I shall 
for the most part refer to former results as those which have been 
obtained on such and such suppositions. This is the more advis- 
able, because I find that astronomers are willing to accord the same 
(h>gree of accuracy to my results in relation to tlie modes by which 
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they have been obtained, as I am ready to assign to other results 
with a corresponding proviso. 

It may be necessary, however, before proceeding to a detailed 
examination of the circumstances of the coming transit, to inquire 
(1) how far it is necessary or advisable to aim at exactness in the 
preliminary investigation of the subject; and (2) whether the phase 
which I have selected for examination is well chosen. 

As a reason for applying a comparatively rough mode of exa- 
mination to the circumstances of the transit, it has been urged that 
there is some uncertainty as to the exact moment of conjunction of 
Venus and the Sun, and as to the exact distance which will separate 
their centres. What is the range of possible error due to this cause 
I will leave to others to determine. My own impression is that it 
is very small, whether considered absolutely or with reference to 
other sources of error which it is in our power to remove. But 
whether this be so or not, it seems clear to me that the possible 
errors, as to time and position -angle, arising from this cause, must 
be looked upon as affording additional reason for exactness in other 
matters. For, should any error resulting from disregard of exact 
considerations happen to be additive to errors resulting from in- 
accuracy in the Planetary Tables, it might happen that the conclu- 
sions to which we should be drawn would affect appreciably the 
success of observations to be made upon the transit. 

The possible inaccuracy of the Planetary Tables seems to be the 
only source of error which it is out of our power to get rid of alto- 
gether. Therefore, as the choice of stations depends in certain cases 
on considerations of some nicety, it seems to me that the only basis 
for a proper selection is the determination, with as much accuracy 
as is readily attainable, of the circumstances under which the phase 
selected for observation will be seen at different stations. It must 
be remarked, however, that the formulae and calculations by which 
I have determined the circumstances are not by any means neces- 
sary. A process which I will presently indicate suffices to give, 
with scarcely any labour, all the necessary information respecting a 
large number of stations, and that with a degree of accuracy amply 
sufficient for all the purposes of the inquiry. The only way, how- 
ever, in which I could conveniently present my results for the study 
of those who take interest in the subject of this transit was that 
which I have selected. 

As to the selection of internal contacts as the phase to be specially 
dealt with, there may be, of course, a difference of opinion. I am 
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told, for instanoe, that in France there ia aome queaticm of observing 
external contacts also. In this case it would be advisable to make 
external contacts the determining phase (if a choice had to be made), 
or to determine for several stations the circumstances of both phases. 
For as at ingress external contact takes place about half an hour 
before internal contact (for every station), it is clear that the statioos 
for observing retarded ingress (always so selected that the Sun ii 
lately risen) must be chosen with reference to external contacts, if 
it is a sine qud nan that these are to be observed. If such a station 
were selected with reference to internal contact, with a moderately 
good solar elevation (necessarily soon after Sunrise), it ia obvious 
that at the epoch of external contact half an hour earlier, the Sua 
would be too low. Considerations of the name sort apply to the 
observations of accelerated egress. 

It appears to me for these reasons that the consideration of both 
phases is inadmissible, and that though external contacts may be 
observed with advantage when they happen to be visible as well as 
internal contacts, yet the stations must be chosen with strict refer- 
ence to the latter phase, which is admittedly far the better of the two. 

As M. Puiseux has given reasons for selecting the pa>*sage of 
Venus's centre over the Sun's limb as the phase to be considered in 
the preliminary inquiry, it may be well to examine how far those 
reasons are valid. He remarks that what is actually observed is 
the exterior or interior contact, but that, as the epochs of these 
phases are separated by nearly conntant intervals for all stations, we 
may neglect the consideration of those intervals when all that we 
require is to determine the relative values of different stations. I 
venture to submit the following reasons for looking upon this line 
of argument as inadmissible : — 

It is to be noted, in the first place, that the interval between ex- 
ternal and internal contact is not constant, and although its range 
(from 26™ 24« to 81" 18") may seem small, yet, where the values of 
stations run close, the differences thus resulting are quite sufficient 
to turn the scale in several instances. But we may also look at the 
matter in this light : the change of phase results in a change in the 
position of the stations of maximum acceleration, or retardation, and 
this change amounts in certain cases to hundreds of miles. Now 
the circles which give a definite coefiicient of parallax in one of 
these cases,* have equal radii, but their poles (the stations just 

* The coefficient of parallax is the proportion which the total acceleration 
or retardation of the contacts of Venus, as seen at any given station, bean to 
the maximum acceleration or retardation respectively. 
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^aoientioned) are separated hy a considerable distance. Therefore the 

^nrdes must intersect. At a point of intersection the coefficients are 

^yjual for either phase : on one side of that point, the nominal value 

of the coefficient is improved by the change of phase ; on the other, 

It is deteriorated. This proves that the relative values of stations 

cannot remain unaffected hy a change of phase, and suffices to 

account for the corrections introduced bj my consideration of internal 

contacts in place of the passages of Venus^s centre. 

It would be incorrect, however, not to mention that the larger 
part of the corrections I now propose to consider, results from 
another cause than the change of phase — namely, from the effects of 
parallax — which it has not hitherto been thought necessary to take 
into account. The application of the correction due to the equation 
of time has also to be mentioned as appreciably affecting the extent 
of the changes which are here dealt with. 

I may summarise these changes imder three heads : — 

1. The application of Delisle^s method of absolute time differences. 
The relative as well as the absolute values of many stations arc 
affected by the change of phase. Some which had hitherto appeared 
tmsuitable are found to be unobjectionable. Others which seemed 
good appear unfit. In other cases the relative values of two stations 
are so affected that the results of a comparison between them are 
directly reversed. Lastly, many stations not hitherto thought of in 
connexion with the transit are found to be well suited for the appli- 
cation of DelisWs method. 

2. The comparison between Delisle^s and ffalley*s methods, 
Halley's method is found, not merely to be applicable with ad- 
vantage, which is all that can be said of it when central passages are 
considered, but to be superior to Delisle^s, — slightly, when reference 
is made only to such stations as had been hitherto dealt with, 
noticeably when antarctic stations are made use of. 

3. The comparison between the Transits of 1874 and 1882 with 
reference to Halley^s method. This comparison, conducted according 
to the principles laid down by Mr. Stone (than whom no one is 
better entitled to pronounce authoritatively on such points) shows 
that Halley^s mode may be applied much more advantageously to 
the transit of 1874 than to that of 1882. 

I premise that I have carefully gone over all the calculations on 
which the results of my former paper were founded, and have applied 

c c 
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so many independent modes of calculation that I can no longer cft* 
tertain any doubt as, to the accuracy of those results.* 

The results to be now brought into comparison for the ake of 
forming an estimate of the effect of phase, parallax, and theeqnatioQ 
of time, upon the Talues of various stations, may be thusclamd:— 

A, those derived from the consideratioD of central passages, as suppoied to 

be seen from the Earth's centre, with the position-aDgles corrc^aidb^ 
to external contact 

B, those derived from the same phase, similarly seen, with the positioM^^ 

corresponding to central passage. 

C, those derived from the consideration of internal contacts, as seen from 

the stations themselves, and with the position-angles corresponding to 
the phase so seen. 

Nuti. — The results under head G have alone been corrected for oqutioB oT 
time. 

The following table exhibits the position-angles and epocb (ibr 
ingress) corresponding to A, B, and C : — 

Podtion^anglea, Epocha. 

ABO A B C 

O O' O/ ka tin la 

Accelerated Ingress 131 133 29 133 56 14 13 56 14 4 
Mean Inprress 131 133 29 136 28 14 13 55 14 16 

Retarded Ingress 131 133 29 139 29 14 13 55 14 39 

In preparing the eolumna under head C in the accompanjing 
tables, I have made u»e of the six orthographic maps shewn in 
Plates VI., VII., VIII., and IX. These were constructed with every 
precaution to ensure accuracy. The intersection of longitude-lines 
and latitude- parallels (to every 10°) were separately constructed 
for, by a double process, and in all critical cases further tests were 
applied. In all, the construction of the maps involved upwards of 
3,000 measurements, and from the scale on which the maps were 
constructed, the practice I have had in orthographic mapping, and 
the care used in the present instance to ensure accuracy, I feel that 
I may safely claim for the numbers under the columns headed C in 
the following tables, a satisfactory degree of trustworthiness. 

* This paper had originally exhibited an independent mode of establishing 
my conclusions, founded on a simple construction applied to the elements giren 
in Mr. De la Rue's paper on the transit {Monthly Notices for December 1868). 
For the sake of brevity, I have thought it best to omit this part of the paper, 
the accuracy of my conclusions not being, I find, called in question. The mode 
of construction is, however, briefly referred to further on. 
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The six maps include four quarter-spheres, Plates VI. and VII., 
exhibiting the solar elevations and the coefficients of parallax.* 
The other two exhibit the Earth as supposed to be seen from the 
Sun at ingress and egress (mean, and for internal contacts). In these 
the solar elevations are indicated by circles, and in place of 10 
parallactic parallels, corresponding to the parallactic circles in the 
other map, there are laid down parallactic lines corresponding to 
intervals of one minute (the line across the earth's centre being 
taken as a zero- line). These lines are not parallel, but separately 
constructed for. Thus their indications diifer somewhat from those 
derived from the parallactic circles in the other maps, which are 
laid down on the supposition (not strictly correct) that the outline 
of the penumbra of Venus travels parallel to itself across the face of 
the earth. This will account for a slight want of correspondence 
^between the second and third C-columns in the following tables : 
the third gives the correct effect of parallax. It will be noticed, 
however, that the difference is always trifling in the case of places 
suitable for the application of Delisle's method. 

A further correction, but one of small importance, would result 
from the consideration that the apparent outline (supposed to be 
seen from the Sun) of that part of Venus's penumbra which traverses 
the Earth is not a straight line, but part of a large circle. Thus the 
actual outline on the Earth's surface is not part of a circle. It 
follows that the parallactic curves in the four quarter spheres ought 
not to be circular, and the parallactic lines across the other two maps 
ought to be curved, the direction of their curvature being turned in 
the direction towards which the shadow is moving for ingress, and 
the reverse for egress. All the corrections due to this cause are 
minute, and attain their greatest values at places not suitable as 
stations either for the application of Delisle's or Halley's method. 

A correction has been applied to columns C corresponding to the 
fact that the maps are severally constructed for a single epoch, while 
the events to which they relate occupy several minutes. 

* See note on p. 384. The circles marked *9, '8, &c, pass through all the 
points at which ingress or egress is accelerated or retarded (as the case may 
be) by ^ths, ^hs, &c. of the maximum acceleration or retardation. 
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Tablz hi.— 


'Accelerated Egress. 






StaUoB. 


Snn'i] 


Btevation. 




Ck>effloient 
of Parallax. 


AncRleratlon 
in Minutes. 




A 


B 





A 





B 





South Victoria Ld.> 
(Poflsession I.) J 


o 

• • • 


o 
23-8 


o 
250 


• • • 


•89 


10-3 


114 


Adelie Ld. 


• • • 


• • • 


340 


• • • 


•83 


• • • 


106 


Campbell I. 


• •• 


• • • 


260 


• • • 


•79 


• • • 


103 


Emerald I. 


• •• 


• • • 


30-0 


• • • 


•78 


• ■ • 


103 


Macquarie I. 


24*0 


• •• 


32*0 


•83 


•75 


• ■ • 


9-8 


Chatham L 


11-5 


• • • 


160 


•87 


•75 


• •• 


9-8 


Canterbury (N^.) 


190 


• • • 


22*5 


•81 


•71 


• •• 


9*3 


Wellington 


170 


• • • 


200 


•81 


•70 


• • • 


9-2 


Sabrina Ld. 


• •• 


• • • 


430 


• • • 


•70 


• ■ • 


9-2 


Enderby Ld. 


• •• 


410 


390 


• • • 


•65 


6-9 


8-5 


Royal Co. L 


• •• 


• • • 


420 


• ■ • 


•64 


• • • 


8-5 


Auckland 


160 


14-4 


19-2 


•78 


•64 


8-6 


85 


Kemp L 


• •9 


»-• • 


610 


• ■ • 


•57 


• • * 


7-6 


Hobart Town 


36-0 


360 


40-0 


•66 


•57 


76 


7-6 


Melbourne 


380 


•• • 


43 


•58 


•48 


•V 


6-6 


Sydney • 


33-0 


•• . 


37-2 


•59 


•48 




6-6 


Adelaide 


•• • 


•• . 


47-8 


• • • 


•40 




5-8 


Kerguelen Ld. 


•« « 


60-5 


671 


• • • 


•40 




60 


Crozet L 


.»• 


• • • 


47-6 


• • • 


•34 




4-2 


Perth (Aust) 


... 


»« • 


66-2 


• • • 


•25 




3-6 



Table IV. — Retarded Egress. 











Coeffldent 


Retardation 


Btftiion. 


Son's 


SlcTatkm. 




of Parallax. 


in Minutes 




A 


B 





A 





B 


c 




o 


o 


o 






■ 


a 


Orsk 


120 


• • • 


12-5 


•98 


•98 


• • • 


11-8 


Omsk 


12-5 


• • • 


11-6 


•96 


•97 


• • • 


11-7 


Astracan 


12^4 


• • • 


120 


•97 


•97 


• •• 


11-6 


Aleppo 


14-2 


• • • 


14-6 


•91 


•89 


• • • 


10-5 


Peahawur 


• • ■ 


• • • 


31-5 


• • • 


•85 


• ■ • 


10-3 


Alexandria 


130 


• • • 


140 


•86 


•84 


• • • 


100 


Suez 


16 


17-6 


161 


•85 


•83 


9.4 


98 


Nertchinsk 


■ • • 


• • • 


101 


• • • 


•81 


• • • 


9-8 


Delhi 


• • • 


• • • 


380 


•• • 


•78 


• ■ • 


9-4 


Tsitsikar 


• • • 


• •• 


120 


• • • 


•72 


• t • 


8-7 


Bombay 


• • • 


• • • 


450 


• • • 


•70 


• • • 


8-5 


Pekin 


• • • 


212 


210 


• ■ • 


•70 


7-7 


8-6 


Kirin-Oula 


• *• 


• • • 


140 


• • • 


•69 


• • • 


8-4 


Tientsin 


• •• 


• • • 


171 


• • • 


•68 


• * • 


8-4 


Calcutta 


««• 


• • • 


45-3 


• • • 


•68 


• •• 


8-2 
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Station. 


Bon's 


SteTatton. 




of Parallax. 


InMinntaB. 




▲ 


B 





▲ 





B C 




o 


o 


o 






m m 


Aden 




••• 


860 


»9t 


'M 


7-8 


Nankin 




••• 


270 


• •1 


•68 


7-6 


Madras 




• • • 


620 


• • 


•61 


7-4 


Shanghai 




26-1 


260 


• • 


•67 


6-2 7-2 


Canton 




• • • 


870 


• • 


•62 


6-6 


Hongkong 




• • • 


870 


• • 


•60 


6*5 



It will be seen, on a comparison of tables A, B, and G, that the 
effects of the change of phase are in some cases important. The 
coefficients of parallax are affected in several instances by more than 
0-1, and in two cases by 0^22. In the cases of Crozet Island (Table 
II.) and Chatham Island (Table III.) solar elevations are so im- 
proved that these stations, which would have to be rejected if 
central passage were considered, are shown to be well suited for the 
observation of internal contacts. The diminution of all the co- 
efficients in Table III., through the change of phase, has an im- 
portant influence on the value of Delisle^s method, so far as egress 
observations are concerned. It is important to notice, also, that 
under heads C in Tables III. and IV. many stations not hitherto 
recognised as available are included among the best places for 
observing egress. The Indian stations in Table IV. seem too valu- 
able to be neglected. Peshawur is better even than Alexandria; 
Delhi is not inferior to the latter station (when solar elevation is 
considered as well as coefficient of parallax). Bombay, Calcutta, 
and Madras are also excellent. It may be noticed also that Bombay 
and Madras, which, when considered with reference to central 
passage, had seemed suitable places for the observation of retarded 
ingress, are found to have so poor a coefficient of parallax when 
reference is made to internal contacts, that it would be useleas to 
observe ingress there (so far at least as the application of Delisle's 
method is concerned). 

Of course, it will be impracticable for this country to send 
observers to more than a certain number of stations. But it is not 
unlikely that besides Russia, France, and England (the only countries 
specially concerned in the transit of 1874), other nations may care 
to take part in the solution of the noble problem of determining the 
Sun^s distance; and thus it seems advisable that all the stations 
where there will be any chance of obtaining useful obaervationfl^ 
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should be tabulated as nearly as possible according to their relative 
values.* 

* It may not be amiss to point out that the numbers tabulated under head 
C in the above tables may be readily tested in a few minutes for any assigned 
station. Indeed, the whole work of determining the circumstances of the transit 
for internal contacts, as seen from any station, may be gone through in about 
an hour, and the main part of the work thus gone through would not require 
to be repeated for other stations. Although I have no reason to doubt the 
accuracy of the results tabulated above, it may be well that they should be 
checked. The justice of the following processes will be obvious to every one 
acquainted with the principles on which the transits of an inferior planet 
depend : — 

Take out from the NaiUioal Almanac and tables of the planetary 
elements, — 

App. Semi-diameter of Sun on December 8 ... = D 

„ „ Venus in inf. conj. ... « V 
Horizontal Parallax of Venus (in inf. conj.) refd. to Sun = P 

Sun's Southern Declination on December 8 ... » 8 

Equation of time ... ... • « c 

On any convenient scale describe concentric circles with radii 

(i.) D (ii.) D + V (iii.) D-V. 

(iv.) D-V + P (v.) D-V-P 

On circle (ii.) take (according to Mr. Hind's elements of the transit) posi- 
tion-angles 1307° from south towards east, and 160** from south towards 
west, and join the points thus determined. Determine with a protractor the 
position-angles Qi, Qg, Q3. and Q4, for the intersections of this chord with the 
circles (iv.) and (v.) Again, making the extremities of the chord correspond 
to hours IS*" 47"' and IS"* 26» (from Mr. Hind's elements of the transit) 
divide the chord into hour-divisions. Thence determine epochs Hi, H^, 
^3> H4, corresponding to the intersections of the chord with the circles (iv.) 
and (v.). 

Now adjust a globe so that, looked at from above (vertically), its appear- 
ance shall be that presented by the Earth, supposed to be seen from the Sun, at 
apparent solar time H^ + €, and with southerly solar declination 8. From the 
southern intersection of the brazen meridian with the horizon-circle, take an 
arc of Q3 towards the east along the latter circle. This will give the place 
where ingress is most accelerated. To determine the value of any station near 
this point, measure the arc-distance (a) of the station from the point, and the 
distance (0) from the horizon-circle. Then cos a » coefficient of parallax, and 
» Sun's elevation. And thus the coefficients and solar parallax may be de- 
termined for any number of stations, with corresponding methods for retarded 
ingress and for egress. 

It may be necessary to notice that, to convert coefficients of parallax into 
minutes of acceleration or retardation, reference must be made to the intervals 
of maximum acceleration and retardation. These are, for accelerated ingress 
and retarded egress (Tables I. and IV. respectively) 11" 58'; for retarded 
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As r^ards the comparison between Delisle^s and HaUey's method 
for the transit of 1374, I may remark that M. Puiseux's results seem 
to have been somewhat misinterpreted. He does not anywhere 
speak of Halley's method as the best, but simply states that he can 
see no reason why it should not be applied: nor do his figures 
establish the superiority of Halley's method. 

I believe I shall be able to show, however, that there is at least a. 
possibility that Halley's method may be so applied to the transit of 
1874 as to give absolutely the best means of determining the Sun's 
distance available before the transit of 2004 (about the circum- 
stances of which I know nothing). It only requires that the same 
energy should be devoted (either by England or some other nation) 
to the coming transit, which has been called for in relation to the 
transit of 1882. There will also be the same chance of failure in 
one case as in the other. 

To prove the justice of these views I point to Nertchinsk (or its 
neighbourhood) as a suitable station for observing the lengthened 
transit, and the neighbourhood of Enderby Land as a proper station 
for observing the shortened transit. The above tables give for the 
former station a lengthening of (5*7"+ 9*8™) or 15-5™; and for the 
latter a shortening of (11*8"+ 8-5™) or 20-3™. The total difference 
of duration is thus shown to be 35*8™. Setting against this the best 
cases for Delisle's method (Woahoo from Table I. and Crozet Island 
from Table II.), we get the total difference of absolute time, is 
(ll™-2 + 12'"-6) or 23"-8. And the relative values of the methods 
in these cases (the most favourable for each) are given by the formula 
Halley:s^(35;8)« {(i:28)^^(l)^-^ 2477t approximately ; 

ingress and accelerated egress (Tables H. and III. respectively) 13" 8'. A 
coefficient of parallax p corresponds for the former pair of cases to a time- 
interval 

[ll-68«-35-(l-;p];), 

for the latter to a time-interval 

[13»8- + 35-(l-;?)]p. 

♦ Here I have used the values given in Mr. Stone's paper, Monthly Notices, 
April 8, pp. 2«51, 252. He would have obtained a larger value for e had he 
calculated for internal contacts. This would, of course, have bet^o a change 
unfavourable to my case. But against this I set the fact that his careful 
examination of the circumstances of internal contacts will tend to render the 
probable errors much smaller (relatively) in 1874 than they were in 1769, 
when the observers had very vague notions of the phenomena they were to 
expect and to watch. 

t It would not be correct to reduce the number of minutes 35*8 in a certain 
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and in this ratio, independently of all the other advantages which it 
presents, does Hallej's method surpass Delisle^s. By taking Kemp 
Island, Adelie Land, Victoria Land, Crozet Island, or Kergnelen's 
Land for the southern, and Tsitsikar, Kirin-Oula, or Tientsin, for 
the northern stations, we get differences of duration ranging from 
33" to 30'6", corresponding (according to Mr. Stone*s formula) to a 
range from 24" to 22*2", in the case of Delisle's method. There is 
little chance of the latter method being applicable with a difference 
greater than the lowest of these methods; and the highest is a 
difference which the best stations will not give by Delisle's method. 

When it is remembered that Halley^s method is so much the 
simpler, and that stations selected with reference to it give a double 
chance of at least a useful observation, the above considerations 
seem to decide the question of the relative values of the two methods 
in 1874. 

Lastly, as to the relative values of the transits of 1874 and 1882, 
considered with reference to Halley's method. 

Mr. Stone's remark, that the choice of stations is limited to thoBe 
at which the Sun will have an elevation of at least 10^, reduces the 
maximum available difference of duration in 1874 from 36|" (the 
value I had before mentioned) to 35|P. But the transit of 1882 is 
much more seriously affected. The suggested station near Sabrina 
Land must be rejected at once. And although the suggested station 
near South Victoria Land corresponds to an elevation of 10** at ingress, 
there is no accessible spot in that neighbourhood which will give 
any such elevation. At Possession Island the Sun's elevation will not 
be much more than 5° at ingress ; and at Coulman Island, the most 
southerly station which antarctic seamen hope to reach, the Sun's 
elevation will be but 7** ; and even if these islands were suitable, 
they give a difference of duration perceptibly less than that which 
I had dealt with in my former paper. 

I must add that I had frilly taken into account the difference in 
the clinging of the disc of Venus to the Sim's limb in 1874 and 
1882. Indeed, I had adopted a considerably greater proportion than 
that indicated by Mr. Stone. But as the principle he lays down 
requires that both Sabrina Land and Victoria Land should be 
dismissed from our consideration in 1882 — and as there is absolutely 
no other southern station at all comparable with these two, as £ir as 

proportion, and take the excess over 23">'8, as measuring the superiority of 
Halle/s mode. The proper way of treating the question is to indicate the 
relation between the two modes by a ratio, as above. 
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the lengthening of the transit^s duration is concerned, we seem 
forced to the conclusion that if Hailey's method fails totally for 
either of the coming trantdts, it is for that of 1882 and not for that 
of 1874. 

On the general question of the value of the transit of 1874, I find 
myself compelled to adopt a different opinion from that which Mr. 
Stone has expressed. Although the comparative slowness of ingress 
and egress increases the probable error, it increases the available 
time differences in at least the same proportion — I say, at leasts 
because I cannot believe that the errors of an observation of ingress 
or egress increase iully in the proportion of the slownesa with which 
the phenomena succeed each other. But even assuming this un- 
favourable view, it may yet be shown that, ccetcris paribus, slow 
transits (t'.«. transits of short chord) arc as valuable as more rapid 
ones when Halley's method is considered, and more valuabb when 
Delisle*8 method is considered. For, in the first case, we have 

(1), Value of a trsDsit varies as maximum obsorrable difference ; 

(2), Maximum observable difference yarie« as slowness of rate of ingress 
or egress * (ceteris paribus) : 

(8), Value of a transit varies as -. ; 

Slowness of rate of ingress 

therefore, for transits of different rates, but having circumstances 
otherwise equal, the value is appreciably constant, so long as the 
chord of transit is not too near a diameter of the Sun. 

For the second case we have (1) and (2) unaltered, but in place 
of (3) we get the 

Helative value of transit varies as - — — ; 

where h is some constant, v represents the rate of ingress or ep^ess, and 
/ is the error in determining the longitude of a station. Thus, the 

value of a transit varies as -^-r- ( - j + ^ ) or inversely as (Jc'-^-v^P), 

and the slower transits are therefore the most favourable. 

It is worthy of notice, however, that, as a rule, when there are 
two transits separated by eight years, the first is the less favourable 
for the application of Halley's method. The present case shows 
that to this rule there are exceptions. 

Monthly Notices of the Royal Agronomical Society for Juno 1869. 



* Estimated, of course, perpendicidarly to the limb. 
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the nearest approach of Yenus to the Sun's centre, which should be 
compared. And further, Mr. De la Rue's comment on this, to the 
effect that his method in reality includes Major Tennant*s, is also 
correct. In fact, there can be no doubt that the position of Venus 
at the particular instant referred to by Major Tennant can be far 
more exactly ascertained by a reference to the complete path of 
Venus for each station than from any attempt to secure nearly 
simultaneous photographic records at stations &r removed from 
each other. 

But it appears to me that the method I am about to suggest, 
according to which the whole question will be reduced to the 
determination of a parallactic displacement of Venus on a line 
through the centre of the Sun*s disc, is the one by which the fullest 
assistance will be obtained from photography; while a source of 
error, which has not hitherto been specially considered, will be 
practically eliminated. 

It must bo remembered that in the comparison of 'photographic 
records, whether for the determination of the path of Venus across 
the Sun's disc at a particular station, or for the comparison either of 
Venus's apparent position or of her path as seen from two different 
stations, the accuracy of the results will depend in part on the 
certainty with which two or more pictures may be brought into 
comparison by means of a fiducial line or set of lines. It seems 
certain that no method can be devised by which all chance of error 
from this source can be eliminated. The great point would, there- 
fore, seem to be to render its effect as small as possible. 

Now let us consider for a moment Major 'Pennant's proposition, 

as giving a convenient illustration of the 
effects of any error either in the position of 
the fiducial lines, or in bringing those 
belonging to two pictiu-es into exact corre- 
spondence. Let Fig. 21 represent the result 
of a comparison between two photographs 
of the Sun. AB and CD are fiducial 
cross-lines conmion to both pictures, a is 
the centre of Venus for one picture, b is 
her centre for the other ; and on the exact 
measurement of a 6 depends the determination of the Sun's parallax, 
so &r at least as these two pictures are concerned. Now it is veiy 
obvious that if the lines A B, C D, for one picture, have not been 
brought into perfect correspondence with those belonging to the 
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other, the distance a b will be correspondingly affected. In &ct, it 
would appear that if the usual methods for making the corre- 
spondence as exact as possible are followed, almost as large an error 
would be introduced through this cause alone as by errors in the 
measurement of a by since the two processes — the measurement of 
a b and the adjustment of the sets of cross-lines — depend on the 
very same circumstance, the nicety, namely, with which the eye and 
the judgment can estimate minute quantities of about the same 
relative dimensions. 

But now, if a and b, in place of having the position shown in 
Fig. 21, were situated as in Fig. 22, it is clear that the distance a b 
will not be appreciably affected by any small error in the adjust- 
ment of the fiducial lines. 

The object, therefore, which it seems most desirable to secure is 
that Venus, as seen firom two different stations at a particular 
instant, should have a relative parallactic displacement towards the 
Sun^s centre, or as nearly towards the Sun^s centre as possible. 
This amounts to adding to Major Tennant^s conditions this further 
one that the Sun's centre should be in the same plane with the two 
Fio 22 stations— or rather to making this condition 

a substitute for that one which requires 

that the Earth's centre should be in the 

^^ V / \ same plane with the two stations. For as 

a rule we must not expect to be able to 
secure that two convenient stations on the 
Earth, as well as the centres of the Earth, 
Venus, and the Sun, should be in the same 
plane. 

Mr. De la Rue's remark that by taking 
a series of pictures the position of Venus may be ascertained at any 
moment is in reality quite as applicable to my suggestion as to 
Major Tennant's. In fact, were it not, we might despair of securing 
the desired object, since we have no reason for believing that 
astronomers are so certain as to the exact progress of the transit, 
that the conditions could be secured by anticipatory instructions : 
whereas by applying Mr. De la Rue's method it will be possible 
after the transit is past, to determine with any desired degree of 
accuracy the position of Venus at the proper instant. And further, 
it is very obvious that no error in the placing of the fiducial lines 
for pictures taken at the same stations, can much affect the accuracy 
of the result, since the comparison of successive pictures taken at 
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the same station does not directlj involve the element of the solar 
parallax, as when we have to compare pictures obtained at different 
stations. 

The object, then, of the present paper and the accompanying 
chart is to determine what stations are most suitable for applying 
photography to the transit of 1874, on the principles above enu- 
merated. I think the drawing will be found, however, to be also an 
instructive illustration of the whole character of the transit. 

In the preceding paper in the * Monthly Notices ' for March I 
showed how all the chief elements of the transit could be deduced 
by considering the motion of Venus relatively to a pair of cones, each 
enveloping the Sun and the Earth, but one having its vertex outside 
the Earth, the other having its vertex between the Earth and the 
Sun. For my present purpose it will be convenient to consider the 

Fig. 23. 




motion of the Earth relatively to a pair of cones similarly enveloping 
the Sun and Venus. 

Fig. 23 represents a portion of these cones around Venus at V. 
E 6 is the Earth's orbit relatively to these cones ; a ft is the circular 
section of the outer cone, c d that of the inner. Venus is supposed 
to be approaching the eye, and therefore the Earth also would, at the 
time of conjunction, be approaching ; but as we are considering the 
Earth's motion relatively to the two cones, and as Venus moves 
more rapidly in her orbit than the Earth, we must suppose the Earth 
to traverse the sections a h and c d in direction E e. When the 
circumstances of the transit of 1874 are attended to, it results that 
the motion of the Earth relatively to the sections a b and c cf is as 
shown in Fig. 24. The various circles represented along the parallels 
E c correspond to the various positions of the Earth represented 
in the illustrative plate. 

Comparing Figs. 23 and 24, it will be seen at once that, as soon 
as the Earth reaches the outer circle a ft, external contact begins. 
With the peculiarities of tliis phase we need not concern ourgelvep. 
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When the Earth reaches the circle c rf, as at position 1, Fig. 24, 
internal contact begins, and when the Earth just touches the circle 
c d on the inside, the transit 
has begun fdr all places on 
the Earth's illuminated hemi- 
sphere. The positions 1 and 2 
oorreiipond to the cases of in- 
ternal contact most accelerated 
and internal contact most re- 
tarded. Thej have been added 
to the illustrative plate for the 
sake of completeness, but in 
reality they do not belong to 
the special subject of this paper 
since, as Mr. De la Rue has 
remarked, the photographer 
need not set himself to observe 
special phases of this sort. The pame remark applies to the positions 
14 and 15. 

The remaining positions of the Earth in Fig. 24, corresponding to 
the 11 pictures 3-13 in Plate X., are those occupied by the Earth 
at successive intervals of 15 minutes, the picture numbered 8 
corresponding to the position occupied by the Earth at IG** 6™ 31« 
G.M.T., on December 28, 1874, when Venus makes her nearest 
approach to the centre of the Sun's disc. 

Now if we look at Figs. 23 and 24, and consider what they repre- 
sent, we shall see that Fig. 24 may be looked upon as exhibiting an 
inverted picture of the Sun's disc and the transit of Venus's centre 
across it : we see, in &ct, that the apparent position occupied at any 
instant by any point on the Earth's surface in Fig. 24, corresponds 
exactly to the position occupied by Venus upon the Sun's disc, as 
supposed to be seen from that point of the Earth's surface at the 
instant in question. We have only to invert Fig. 24, and look at it 
from behind to see what sort of path Venus would seem to traverse 
upon the Sun's disc, either with reference to the Earth's centre, or 
to any point of the Earth's surface supposed to be properly depicted 
upon the small figures 1-1 5. 

It follows, therefore, that if we want to determine two stations 
at which at any instant Venus would appear to have a relative 
parallactic displacement towards the Sun's centre, all that is re- 
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quired is that we select two stations which are on the same radial 
line from the common centre of the circular sections a h and c d. 

The positions of those radial lines which cross the Earth's track 
through the section c d are exhibited in Plate X. It will be im- 
derstood, of course, that the three rows of figures belong in reality 
to a single row, the numbering of the successive pictures of the 
Earth indicating the way in which that row would be formed by the 
combination of the three rows shown in the plate. 

I need not explain the construction of the plate, which depends 
on the simplest mathematical principles. I have taken a consider- 
able amount of care to secure accuracy, not only in the projections 
of the Earth, but in the position of the radial cross-lines ; and, 
though there may be minute inexactnesses, there will be found none, 
I think, which affect the purpose for which the plate was constructed. 
What that purpose is will be best illustrated by simply examining 
the indications of the successive pictures. 

Passing over pictures 1 and 2, we notice in Fig. 23, that Ker- 
guelen's Land and Crozet Island, lying nearly on a line with certain 
of the Aleutian Islands, suggest that pictures taken at the former 
stations at the beginning of the transit could be advantageously com- 
pared with pictures simultaneously, or almost simultaneously, taken 
at a station on one of the easternmost of the Aleutians. In like 
manner pictures taken near Enderby Land could be advantageously 
compared with pictures taken at Woahoo. Projection 4 does not 
differ much from the preceding, but the cross-lines have assumed a 
less inclined position, and Kerguelen's Land could, at the epoch 
belonging to this picture, be better combined with a somewhat more 
westerly Aleutian island. 

Projection 5 exhibits the advantage of a photographic station at 
or near Yokohama. Probably such a station, combined with one 
in Crozet Island or Kerguelen's Land, would give (by pictures taken 
near the hour belonging to Projection 5) absolutely the best results 
which photography can give. 

The remaining projections suggest the following combinations of 
photographic records: — 

Projection 6. Yokohama and Enderby Land, Kerguelen*s Land 
and a station in Manchooria ; Crozet Island and Pekin ; Cape of 
Good Hope and Nertchinsk. 

Projection 7. Kerguelen*s Land and Tsitsikar ; Crozet Island and 
Nertchinsk ; Cape Town and a station west of Lake Baikal. 
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Projection 8. Keiguelen's Land and Nertchinsk ; Cape Town and 
Peshawnr ; Repulse Bay or neighbourhood and Yokohama ; Perth 
(Australia) and Yokohama. 

Projection 9. Repulse Bay and Yokohama ; Enderby Land and 
Nertchinsk ; Crozet Island and Calcutta ; Cape Town and Bombay. 

Projection 10. Repulse Bay and Nertchinsk ; Possession Island 
(near South Victoria Land) and Yokohama; Kerguelen^s Land 
and Calcutta; Crozet Island and Peshawur; Cape Town and 
Teheran. 

Projection 11. Possession Island and Tsitsikar; Repulse Bay 
and neighbourhood of Lake Baikal ; Enderby Land and Calcutta; 
Kerguelen^s Land and Madras ; Crozet Island and Peshawur ; Cape 
Town and Aden. 

Projection 12. Possession Island and Nertchinsk ; Enderby Land 
and Madras ; Kerguelen*8 Land and Peshawur ; Crozet Island and 
Teheran. 

Projection 13. Possession Island and neighbourhood of Lake 
Baikal ; Repulse Bay and Calcutta ; a New Zealand station and 
Yokohama ; Hobart Town and a station near the mouth of the 
Amoor. 

From this list we see that Kerguelen^s Land and Crozet Island, 
Peshawur* and other Indian stations, and stations in Siberia, are 
those which give the most favourable opportunities for the applica- 
tion of the photographic method. 

* Peshawur is in many respects unsuitable as an observing station. But 
Delhi would serre admirably. 
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LIGHT SCIENCE FOR LEISURE HOURS ; a Series of Familiar 

Kfsajs on Scientific Subjects, Natural Phenomena, &c. Crown 8ro. price 7t. 6d. 

cnssion of several highly interestin? problemB 
of astronomy, physical astronomy, physical geo- 
graphy, and meteorology. Ail the qnestions, in 
fact, connected with astronomy and the most 
nearly allied sciences that have been specially 
before the iSablio within the last few years are 
here expounded in clear, simple, and generally 
accnrate language. 80 far as a thorough know- 
ledge of the subjects he handles is concerned, 
Mr. Proctor leaves little or nothing to be de- 
sired ; probably these essays are the most popu- 
lar scientific deseriptions of the phenomena with 
which they deal that have been published in 
England ; and students of science who already 
feel some degree of enthuidaam for the subject 
will doubtless peruse them with pleasure and 
profit.... The essays deserve to be reed by all 
who wish to put themselves up, with the least 
possible amount of trouble, in the results of the 
latest researchcR and discoveries of astronomers 
and physical geographers. There are upwards of 
thirty articles in the book, and almost every 
reader will find something that will interest him. 
The work is a useful contribution to the popular 
literature of science.' Examinxb. 



* DivestPd of both technicality and excessive 
simplicity, there is conveyed to the reader of this 
collection of esrays an immense amount of infor- 
mation .... It is such works as these from the pen 
of Mr. Proctor that sllenoe the cry of cut b<mo 
unhappily prevalent. We cannot all be scholars 
in the limited meaning of the word, but we may 
all be ochotars in the school of Naturk, learning 
to read what is preoent to all our sensed. It Im 
this that Mr. Proctor does — brings a cultured 
hnin to sift those qnestions that others have not 
the opportuni^ of even meeting with— a true 
interpreter, who learns Nature's language not 
for himself alone. Meet of these essays have 
been before the public in another form, but there 
i» not one that would pall upon a second i)erusal ; 
while some, published in a college magazine, are 
new to the general reader. The subjects are so 
various that he must be hard to please who does 
not find sufficient to interest him in the volume.' 

Journal 0/ Sctrngb. 

* These essays and articles are widely various, 
but all have more or less connexion with Scirncb, 
and the bulk of the work is devoted to the dis- 



OTHER WORLDS THAN OURS; the Plurality of Worlds Studied 
under the Light of Recent Scientific Researches. Second Edition, revised and 
enlarged ; with 14 Llastrations. Grown 8vo. price lOs. 6d. 



* Probably no science during the last few years 
has made such rapid strides as astronomy. This 
advance is mainly owing to the discovery of the 
spectroscope, and its application to astronomical 
purposes. That wonderful instrument, more 
wonderful perhaps than the teleM»pe, may be 
appropriately termed a Ught-Hfter^ and is used to 
analyse the light which comes to us from other 
orbs across the ocean of space, so as to set before 
as their general character and structure. The 
Author of the present work attempts to make 
use of the startling discoveries effected by the aid 
of the spectrosnope, in order to form juster views 
of the structure and relations of the planetary 
and stellar systems. He again raises the qnestinn 
of the plurality of worlds, which a few years ago 
employed the scientific and dialectic skill of 
such men as Dr. Whewrll and Sir David 
Brswstrr, and ages before fascinated the early 
philosophers of ancient Greece. Mr. Proctor 
conriders that science has progressed so rapidly 



of late that the subject of life in other worlds has 
assumed a new aspect since Whewkll's Plurality 
of World* and Brkhvotbr's Mi>re WorhU than One 
were written. Arguments which were hypothe- 
tical thirty years ago have either become cer- 
tainties or been disproved. Doubtful points have 
been cleared up ; a new meaning has been found 
even in those facts which were well known to 
both the disputants ; and, listly, a new mode of 
research has been deviited, which has not only 
revealed a number of surprising facts, but pro- 
mises to work yet greater marvels in the years 
which are to come. Certainly Mr. Proctor has 
tsken some pains and trouble to expound and 
illustrate his arguments and theories; and his 
work f^hews, moreover, much patient research 
snd wide pcientiflc reading. If we are occa- 
sionally compelled to differ from some of his con- 
clusion>«, we cannot deny the fact that he has 
produced a mo9t interebting work on a very 
fascinating subject.' Examinkb. 



SATURN AND ITS SYSTEM ; containing Discu-ssions of the Motions 
(real and apparent) and Telescopic Appearance of the Planet Saturn, its Satel- 
lites, and Rings ; the Nature of the Kings ; the Great Inequality of Saturn and 
Jupiter; and the Habitahility of Saturn. To which are appended Notes on 
Chaldaean Astronomy, Laplace's Nebular Theory, and the Habitahility of the 
Moon; Annotated Tables; and Astronomical Vocabulary. With 14 Plates. 
8vo. price 14». 



*Mr. Proctor's new theory of the rings in- 
definitely raises our estimate of the marvellous 
nature of the phenomena they exhibit.... Mr. 
PiuxrroR may fairly claim the title of the his- 
torian of Saturn. All that is known about the 
planet, and all that can be conjectured by a well- 
trained mathematical mind, is detailed at length 
in this volume.' Spectator. 

*A most valuable volume.... From it, more 
than from almost any other book with which we 
are acquainted, do we get an idea of the stupen- 



dous actual and potential energies of our minds, 
and of the many-sided attacks made by them upon 
things unknown. How many in a thousand 
know as mnch of our earth as anybody may learn 
about Saturn in a day from the book before us ? 
Mr. Phoctor is happy in his subject, and equally 
happy in his treatment of it. The illustrations 
are necond to none we have ever seen, and add 
greatly to the value of the book, the style of 
which is really a model of a semi-epecial treat- 
ment of a scit-ntific subject.' Rkadkr. 
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THE ORBS AROUND US; a Series of Sketches of Planets and Staw, 

Comets, Meteors and NobalaB. [In theprts$. 

THE SUN; RULER, LIGHT, FIRE, AND LIFE OF THE PLA- 
NETARY SYSTE5L With 10 PUtes (7 ooloared) and 107 Figures engraved on 
Wood, Crown 870. price 14«. 

*Thla volume U a model of a popular treattae 
on Astronomy. Mr. PitocroK ia nob only one of 
the cl^arctit writerd who have ever expounded 
the dbicoverieri of acienoe to the nnaoieodfio 
world, but U hinuelf an orit^nal and laboriou* 
invetftigator, Hi« work on the Sum reoordt all 
the di«oovcrieii about the centre of our eyitem 
which the pwt few years have produced. Ids 
especially full on the discoveries as to the physi- 
cal condition of the dun which have been made 
by the ob«ervation of its total eolipitts. The 
illostratlons of the roii prominences which stand 
out beyond the black shadow durinif the moment 
of total oclipso are exceedingly beautiful, and 
convey a more complete cunoepti jn of them than 
is to be gained by any other procosit, except that 
of actually seeing them through a powerful 
astronomical telescope. Mr. PitooroR has, in 
fact, embodied and illustrated all that is known 
about the Sun ; aud at the same time has given 
a pleasant hintory of all the steps towards these 
disoovoried, and a clear indication of toe diroc- 

THE SUN ; an Account of the Principal Modern Discoveries respecting 
the Stnicturo of this Orb, its Influence in the Universe, and its Relations witn 
respect to the other Celestial Bodies. By F. Srcchi, S. J. Director of the Obsfr- 
vatory of the Roman College. (Traoslatod and edited by Mr. Phoctor.) 1 vol 
8vo. [In the Autumn, 

A NEW STAR ATLAS, for the Library, the School, and the Observa- 
tory, in 12 Circular Maps (with 2 Index Plates). Intended as a Companion to 
' Webb's Celestial Objects for Common Telescopes.' With an Introduction on 
the Study of the Stars, illustrated by 9 Diagrams. Crown 8vo. price 6«. 



tlon in which he thinks further discoverfe* win 
be made. Mr. Pboutor tells os what is known 
and what is only guessed, and enables os pretty 
fairly to appreoi^e the real Talue of the guesses. 
The A.uUior's power of giving a dear rtatemeot 
of a very complicated proUem is perhaps best 
iilofftrated in the section devoted to the question 
of the Sun's diatanoe. It is not only the f ullert 
bat the clearest popular aoooant of the methods 
and result of his investigation which bait ever 
been published. The object of the volume is to 
furnish a full account of the remarkable dis- 
co verien which have been oflfocted by oh*erversof 
the Sun, whether by moans of the telei<x>pe. the 
speotrodcope, polariscopic analysis, or photo- 
graphy. Thiit is accomplished, not merely by 
Sir. Proctor's letterprew, but by ten lithogrs- 
phic plates, of which tteven are worked in colours, 
and one hundred and seven drawingn on woo<L 
Thi<i profu!iion of pictorial illustration mnkes ths 
book very valuable.' Daily Nkws. 



* We would commend thi.4 little book to every- 
one who winhcH a compact, clear, and trunt- 
worthy gui<le to sidereal aMtronomy. It is in- 
tendei as a companion to Webb's OU'siiiU ObjetU* 
f&r Coinmttn Teletatpet, It is not unworthy of 
such association. It would bo difllotilt to give it 
higher praise.' E.vuu.su Mbciiaxic. 

* Mr. Proctor's NfteSlar Atlfu is reduced from 
his larger work, and forms a very usaful pocket 
volume for the practical stu<lunt of Astronomy. 
It consiHC-t of twelve maps, each of which repre- 
sents all the important stars to be found in a 
circular section of the heavouly sphoi-e. The 
arrangement is very ingenloufl. and holp-i to sbew 
very clearly the exact position of each star 
among its immediate group, while its relative 
pMition. aii regards more distant stars, mav be 
easily seun by help of a couple of Index Map^ 
Another recommendation to this Atla<i is that, 
though it may be used apart, it is enpecially pre> 
pared as a companion to Mr. Wkbb'h very n-mfui 
work on Celtiastial Objects for Common Teles- 
copes.' KXAIIIXEB. 

' Tne small size of this excellent Atlas renders 
it quite capable of twiag carried in the pocket, 
and m-ikei it, in consequence, very handy. The 
distortion in thew maps, resulting from the 
necessity of representing a convex surface by a 
flat one, so that objects in the centre are of 



niHsessity on a much smaller scale than those near 
the circumference, is reduced to a minimam. The 
maps are twelve in number, and are very clearly 
and admirably engraved : there i*< a short Intro- 
duction, which will help the beginner very con- 
siderably ; and, on the whole, the work is oos 
likely to be useful both to the learner and ths 
•ciontiflo astronomer.* 

EOCGATIONAL TlMO. 

* The great dlfAoulty In all celestial atlasn is 
to get rid of the distortion consequent on ths 
neoe^iity of representing a spherical surface upon 
a flat one. Of course, in terrestrial maps the 
same difflculty exists, but in a mnch loss degree, 
as the spaces on earth are so mnch smaller, in 
comparison with the amount of spherical curva- 
ture, than those in the heavens. In many 
atlases, even in one as good as that published tqr 
the Useful Knowledge Society, tlM same space in 
the heavens occupies Ave times as much at tiis 
edge as in the centre of the map, and snch a di»> 
proportion goes a long way to make the maps 
entirely u«leHS. In the present Atlajb this dis- 
tortion is immensely reduced ; but its small and 
handy aiae is its great reconuneodatioa. Tbt 
book is one for the pooket or the obserrmfcory, 
and contains In a small compass as mnch si 
many volumes twice its sise.* 

Land and Watb. 
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Second Edition. Post 8vo. 10s, Gd. 

.A Memoir of Daniel Maclise, 

R.A. By W. Justin O'Driscoll, 
|f*R*LA. Barrister-at-Law. With Portrait 
and Woodcuts. Post 8vo. price 7s. GcL 

^Siemoirs of the Marquis of 

Pombal; with Extracts firom his Writings 
and from Despatches in the State Papers 
OiBce. By the Conde Da Carnota. New 
Edition. 8vo. price 7s. 

teminiscenoes of Fifty Years. 

By Mark Boyd. Post 8vo. price lOj. Gd. 



The Life of Isambard Kingdom 

Brunei, Civil Engineer. By Isambard 
Brunel, B.CL. of Lincoln's Inn, Clian- 
cellor of the Diocese of Ely. With Por- 
trait, Plates, and Woodcuts. 8vo. 21». 

Lord George Bentinek ; a Political 

Biography. By the Right Hon. B. Dis- 
R.VELI, M.P. Eighth Edition, revised, with 
a new Preface. Crown 8vo. Gs. 

The Life and Letters of the Bev. 

Sydney Smith. Edited by his Daughter, 
Lady Holland, and Mrs. Austin. New 
Edition, complete in One Volume. Crown 
8vo. price Gs, 

Some Memorials of B. D. Hamp- 
den, Bishop of Hereford. Edited by his 
Daughter, Henrietta Hampden. 8vo. 
with Portrait, price 12^. 



NEW WORKS ruBLianBD bt LOKGUANS axd CO. 



The Life and Travels of George 

Wliiteficld, M.A. By Jamfj Pat£B«oii 
Gi'KDSTOiri:. 8vo. price 14 «. 

Memoir of Pope Sixtos the Fifth. 

By Baron II u oxer. Tranalated from the 
Ori^al in French, with the Authoi'i 
sanction, by Hubert E. H. Jkiucixgham. 
2 vols. 8vo. 24m. [Nearly ready. 

The Life and Letters of Faraday. 

By Dr. Bkxce Jc»xi:«, Secretary of the 
Royal Institution. Second Edition, with 
Portrait and Woodcuts. 2 vols. 8vo. 28s. 

Faraday as a Discoverer. Bt John 

Tyni>ai.l, LL.D. F.R.S. New and Cheaper 
E<lition, with Two Portraits. Fcp. 8vo. 
price 3«. CJ. 

The Boyal Institution : its Founder 

and its Firnt Professors. By Dr. Bexc k 
Ji»xi-S Honorary Secretary. Post 8vo. 
price 12j. dd. 

Leaders of Public Opinion in Ire- 
land; Swift, Flood. <irattan, OX'onnell. 
By W. E. H. Lei KY, M.A. New Edition, 
revkKd and enlarged. Crown 8vo. 7s. Gd. 

A Group of Englishmen (i79o to 

1S15) ; Records of the Younger Wedgwoods 
ani their Friftid«, embracing the History of 
ti.c Discover}' of Photography. By Eli/a 
Mi:ti:tai:i). 8vo. 16*. 

Life of the Duke of Wellington. 

By the Rev. G. R. Gleio, M.A. Popular 
Edition, carefully revised ; with copious 
Additions. Crown 8vo. with Portrait, l>s. 

History of my Beligious Opinions. 

By J. H. Newman, D.D. Being the Sub- 
stance of Apologia pro Vit& Su&. Post 8vo. 
price Gf . 



Father Mathew; a Biography. 

By Joior FRAarcu MAoma^ Iff.P. Fopolar 
Editioo, with Portndt Crown 8vo.3s.6d: 

Dictionary of General Biography; 

containing Condae Memoin and NoCioes of 
the moat Eminent Persons of all Gountric^ 
from the Earliest Ages to the Present Tu», 
Edited by William L. B. Catesl 8ro. 
price 2is. ! 

Letters and Ufb of Fraaeii * 

Bacon, induding all his Oeeaaional WoiU. 
Collected and edited, with a Commeotsrj, 
by J. Speddixg. Voui. I. & II. 8vo. iU. 
Vols. III. & IV. 24a. Vol. V. 12s. 

Felix Mendelssohn's Letters from 

Italy and Switzerland^ and Letters from 
1833 to 1847, translated by Lady Wall-ice. 
With Portrait. 2 vols, crown 8vo. 5s. each. 

Memoirs of Sir Henry Havelook, 

K.C.B. By Joiix Cijirk MARKiniAi. 
People's Edition, with Portrait. Crown Sro. 
price 3s. Cd. 

Essays in Eeclesiastieal Biogn- 

phy. By the Right Hon. Sir J. Stepiiex, 
LL.D. Cabinet Edition. Crown 8vo. 7s. 6dL 

VioiBsitudes of Families. By 8b 

J. Bernard Bcrkr, C.B. Lister KiRs;«f 
Arms. New Edition, remodelled and en- 
larged. 2 vols, crown 8vo. 21s. 

Lives of the Queens of England, 

By Agnes Strickland. Library Editioo, 
newlv revised ; with Portraits of everr 
Queen, Autographs, and Vignettes. 8 vdf. 
post 8vo. 7«. Od, each. 

Maimder's Biographical Trea- 

Bxay, Thirteenth Edition, reconstructed and 
partly re-written, with above 1,000 additiooil 
Memoirs, by W. U R. Cates. Fcp. 6«. 



Criticisnij Philosophy^ Polity, ^'c. 



On Bepresentative Government. 

H\' John Stuart Mili^ Third Edition. 
8vo. 9«. crown 8vo. 2*. 

On Iiiberty. By the same Author. Pourth 
Edition. PoHt 8vo. 7». 6</. Crown 8\'o. 
U,4d, 

Prinoiplet of Folitioal Eeonomy. By the 
t^nme. Sc^'enth Edition. 2 vols. 8vo. 30«. or 
in 1 voL crown 8vo. 5*. 

ITtilitarUnisxn. By the same. 4tliEdit.8vo.Ss. 

Diaaertationa and Dlaouaaions. By the 
same Author. Second Edition. 8 vols. 8vo. 
price 86s. 

Examination of Sir 'W. Hamilton*! 
Philosophy, and of the principal Philoso- 
phical Questions dL«cussed in his Writings. 
By the same. Third Edition. 8to. 16s. 



The Subjection of Women. B7 

John Sti'ART Mili^ New Edition. Post 
8vo 6«. 

Analysis of the ' Phenomena of 

the Human Mind. By Jamrs Milu A 
New Edition, with Notes, IlIuHrstivc and 
Critical, by Ai.k.x.vndkr Bain, Andrkw 
FiNDiJiTRR, and Gkorgk Grotk. Edited, 
with additional Notes, by Joiix STrARi 
Mill. 2 vols. 8vo. price 28«. 

The Elements of Folitioal Eoo- 

noroy. By Henry Dunning Macleod, 
MA. Bariister-at-Law. 8to. 16s. 

A Diotionary of Folitioal Economy ; 
Biographical, Bibliographical, Historical, 
and PrmcticaL By the same Author. Vol. 
I. royal 8to. 80s. 



NEW WORKS PUBLisiiKD bt LONGMANS and CO. 



A Colosist on the Colonial Ques- 
tion. By John Mathews, of Toronto, 
Canada. Post 8ro. 6«. 

laord Bacon's Works, ooUeoted 

and edited by R. L. Ellis, M.A. J. Sped- 
]>iKO, M.A. and D. D. Heath. New 
and Cheaper Edition. 7 vols. 8vo. price 
£3 18<. 6d. 

A System of Logic, Batiocinative 

and Inductive. By John Stuart Mill. 
Seven Ui Edition. 2 vols. 8yo. 25^. 

The Institutes of Justinian; with 

English Introduction, Translation, and 
Notes. By T. C. Saxdars, M.A. Barrister- 
at-Law. New Edition. 8vo. 15«. 

The Ethics of Aristotle ; with Essays 

and Notes. By Sir A. Grant, Bart. M,A. 
LL.D. Second Edition, revised and com- 
pleted. 2 vols. 8vo. price 28«. 

The Nicomachean Ethics of Aris- 
totle. Newly translated into English. By 
K. WiLLiAiis, B.A. Fellow and late Lee- 
tnrer Merton College, Oxford. 8vo. 12«. 

Bacon's Essays, with Annotations. 

By R. Whatelt, D.D. late Archbbhop of 
Dublm. Sixth Edition. 8vo. 10«. 6d. 

Elements of Logic. By H. Whatelt, 
D.D. late Archbishop of Dublin. New 
Edition. 8vo. I0«. 6d, crown 8vo. 4«. 6d. 

£<lenients of Bhetorio. By the same 
Author. New Edition. 8vo. 10». 6d. Cro\vTi 
8vo. is, 6d, 

Cngliah Synonymes. BjE.JanbWxla.telt. 
Edited by Archbbhop Wilvtely. 5th 
Edition. Fcp. 35. 

An Outline of the Necessary 

Laws of Thought : a Treatise on Pure and 
Applied Logic. By the Moet Rev. W. 
Thomson, D.D. Archbishop of York. Ninth 
Thousand. Crown 8vo. 5f. Qd, 

The Election of Bepresentatiyesy 

Parllamentar}' and 2»Iunicipal ; a Treatise. 
By Thomas Hark, Barrister-at-Law. Third 
Edition, with Additions. Crown 8vo. 6j. 

Speeches of the Bight Hon. Lord 

Macau lay, corrected by Himself. People*s 
Edition, crown 8to. 3«. 6d. 

Lord Macaulay's Speeches on 

Parliamentary Reform in 1831 and 1832. 
IGmo. price One Shilling. 

Walker's Pronouncing Diction- 
ary of the English Language. Thoroughly 
revised Editions, by B. H. Sslart. 8vo. 
I2s, 16mo. 6t. 



A Dictionary of the English 

Language. By R. G. Latham, M.A. M.D. 
F.R.S. Founded on the Dictionary of Dr. S. 
Johnson, as edited by the Rev. H. J. Todd, 
with numerous Emendations and Additions. 
4 vols. 4to. price £7. 

Thesaurus of English Words and 

Phrases, daasified and arranged so as to 
facilitate the expression of Ideas, and assist 
in Literary Composition. By P. M. Rooet, 
M.D. New Edition. Crown 8vo. 10«. 6<i 

Three Centuries of English Lite- 
rature. By Charleys Duke Yoxge, Regius 
Professor of Modem History and English 
Literature in Queen's Colletje, Belfast. 
Crown 8vo. 7». Gd. 

Lectures on the Science of Lan- 
guage. By F. Max Mijller, M.A. &c. 
Foreign Member of the French Institute. 
Sixth Edition. 2 vols, crown 870 price 16#. 

Chapters on Language. By F. W. 

Farrar, M.A. F.R.S. Head Master of 
Marlborough College. Crown 8vo. 8». Gd. 

Southey's Doctor, complete in One 
Volume, edited bj- the Rev. J. W. Warter, 
B.D. Square crown 8vo. 12«. 6d. 

Historical and Critical Commen- 
tary on the Old Testament; with a New 
Translation. By M. M. Kalisch, PhJ) 
Vol. I. GenesiSf 8vo. IBs, or adapted for the 
General Reader, 12«. VoL II. Exodus, 16s. 
or adapted for the General Reader, I2s. 
Vol III. Leviticus, Part I. los. or adapted 
for the General Reader, 8s. Vol. IV. Led- 
ticus, Part II. 15«. or adapted fur the 
General Reader, 8«. 

A Hebrew Oraxnmar, with Exercises. 
By the same. Part I. Outlines with Kxer- 
cises, 8vo. I2s, 6d. Key, 6s. Part II. Ex- 
ceptioTud Forms and Constructions, I2s. 6d, 

Manual of English Literature, 

Historical and Critical : with a Chapter on 
English Metres. By Thomas Arxold, M.A. 
Second Edition. Crown 8vo. 75. Gd. 

A Latin-English Dictionary. By 

Joiix T. White, D.D. Oxon. and J. E, 
Riddle, M.A. Oxon. Tliird Edition, re- 
vised. 2 voh. 4to. pp. 2,128, price 42*. 

White's College Latin-EngIi8h.Diotion« 
ary (Intermediate Size), abridged from the 
Parent Work for the use of University 
Students. Medium 8vo. pp. 1,048, price 18s. 

White's Junior Student's Complete 
Latin-English and English -Latin Dictionary. 
Revised Edition. Square 12mo. pp. 1,058, 
price 12j. 

e .if English-Latix, 5». Gd. 
SoparaleU' |l^„j5.e.^-oj,„„; 7,. 6A 



NEW WORKS PTBUSRED sr L05G3fl5S Asn> C(X 



An TCng]trii>Qreek I«exiooii, cgw 

tainifi^ all iL« Gr«ek Wcris a^^d br Writen 
tA%'jfA *:tiy,r;tT. Bjr C- D. ToxoE, BLA- 

Mr. Tonge's Kew Lezioon, En- 

fUiiffa acl OR«k, abri !g<tl from hu larger 

The Mastery of LangpAgee; or. 

tk4 Art of ^[i«akinj^ Forriipi Tongncs 
I<!i'.n:at:cally. iiy IwrAJJ- Pr.EXDEK.iA.iT, 
lat* of thft Civil Strriot at Ma Irx** SLOond 

A (^reek^EngliA Iiexicon. Com- 

frtlel by II. O. Lir'i*Ei,u IkV. Dean of 
Christ Churchy ami K. Sfynr, D.D. Dean 
of IJ^-chrvi'jf. ffixth Ediuc'D. Crown 4to. 
price M#. 

A Lexicon, Greek and English, 

aliri'J;^ for ScLWi from Lir>i>KLL and 
S<x/TT*i Gmk-Engliih I^ricnn. F«.>urt€-«nth 
£«litir/n. Jy^tiari limo. 7*. /. 



A PMcttoal p i g t taMU Py oT Oa 

FiRBch and Eb^mb Ln^ao'VC* B|)^ Pkm 
Uaaot Lion CofarrAsncAr* maaj ytm 
FiCBch Fxaminfr fat llilitOT' and Cirfl 
Appointmcttte, &c Xcv BBtion, eanfiiDf 
Poat 8ro. 10a. 6dL 



Ckmtanaeaxi'a Pocket Biotioiiaryy 

French and English, abddgcd fron the 
Practical Dictioaanr, hj the Aathor. Sev 
Ediiioo. 18nu>. prifoa Sil 6<£. 

A Sanakrit-En^iah Biotionaiy. 

The Sanskrit woidd printed both in the 
original Dcrmagari and in Boman lettoi ; 
with References to the Bcft E^tiont of 
Sanskrit Anthony and with Etrmologiei 
and comparisons of Cognate Wotds chie^j 
inGrcekf Latin, Gothic, and Ang!o-Sazon. 
Compiled br T. Bejc fet. Svo. 52». 6dL 

New Practical Dictionary of the 

Gorman Language: German-English, and 
English -German. By the Rev. W. L 
Bl.%< KLcr, M^. and Dr. Carl M.vrtix 
Fkiedlaxder. Post 8vo. 7f. 6dL 



Miscellaneous Works and Popular Metaphysics. 



The Eflsays and Contribntiona of 

A. K. H. B. Uiiifonn Editions : — 



Raereationa of a Coontry- 
FiRsT and SEcr>M) Sekie's 3«. W. each. 

Tha Commonplaca Fhiloaophar 

Town Olid Coimirv. Crown Svo. 3«. G<£. 



in 



Xieiaura Honra in Town ; Ennys Consola- 
tory, J&*>thetical, Moral, Soi.'ial, and Domestic. 
Crown Svo. 3«. C^/. 

The Autumn Holidaya of a Country 
Parson. Crown Svo. 3«. 6</. 

The Graver Thoughts of a Country 
Parson. Fikht and SErc»M) Skuie.s, crown 
Svo. 3«. C)d. each. 

Critioal IBaaaya of a Country Faraon, 
select c<l from Essays contributed to Fraier's 
Magaxine, Crown Svo. 3s. 6dL 

Sunday Afternoons at the Parish 
Church of a Scottish University City. 
Crown Svo. 3*. C</. 

XiesBons of Middle Age, with some 
Account of various Cities and Men. 
Crown Svo. Zn. (kl. 

Counsel and Comfort Spoken firom a 
City I*uli)it Crown Svo. 3f. 6rf. 

Changed Aspects of Unchanged 
Truths ; Memorials of St. Andrews Sundays. 
Crown Svo. 3«. Gd, 

Present-Day Thoughts; Memorials of 
St. Andrews Sundae**. Crown Svo. 3«. Gd. 



I 



Short Studies on Great Subjects. 

Bv James Axtiiotct FRornE. M.A. late 
Fellow of Exeter College, Oxford. 2 vols. 
Svo. 24». 

Lord Maoaulay's MisoeUaneous 

Writings: — 

Library Enixiox, 2 vols. Svo. Portrait, 21*. 
People's Edition*, 1 voL crown Svo. 4*. Gd. 

Lord Macaulay's MiscellaneouB 

Writin^^s and SrKEtii&i. Student*s Edition, 
in One Volume, crown Svo. price Cs. 

The Bey. Sydney Smith's Mis- 
cellaneous Works, including Peter PhTnley'ij 
Letters, Articles contributed to the Edin- 
burgh Review, Letters to Archdeacon Single- 
ton, and other Miscellaneous Writings. 1 
vol. crown Svo. 6f . 

The "Wit and 'Wisdom of the Bev. 

Sydney Saiitii; a Selection of the most 
memorable Passages in his Writings and 
Conversation. Crown Svo. Ss. Gd. 

The Eclipse of Faith ; or, a Visit to a 

Religious Sceptic. By Ue:iry Bogeil«. 
Twelfth Edition. Fcp. Svo. 5«. 

Defence of the Bolipae of Faith* by its 
Author. Third Edition. Fcp. Svo. 3t. Gd, 

Belectians from the Conreepondenoe 
of R. E. II. Greyson. By the same Author. 
Third Edition. Crown Svo. 7s. Gd. 



NEW WOKKS PUBLISHED BY LOXGMANS and CO. 



S'axnilies of Speeoh, Four Xjectures 
delivered at the Royal lostitntion of Great 
Britain. By the Rev. F. W. Farrar, 
MJi. F.R.S. Post 8vo. with 2 Maps, 6«.Crf. 

Chips from a German Workshop ; 

being Essays on the Science of Religion, 
and on Mythology. Traditions, and Customs. 
By F. Max MtJLLER, M.A. Ac. Foreign 
Member of the French Institute. 3 vols. 
8vo. £2. 

An Introduction to Mental Phi- 
losophy, on the Inductive Method. By 
J. D. MoRELL, MA. LL.D. 8to. 12«. 

Slementfl of Fsyohology, oontaiuiog the 
Analysis of the Intellectual Powers. By 
the same Author. Post 8vo. 7«. Od, 

The Secret of Hegel : being the 

negelian System in Origin, Principle, Form, 
and Matter. By James Hutcxhson Stir- 
lino. 2 vols. 8vo. 2Bs. 

Sir "William Hamilton ; being the Philo- 
sophy of Perception : an Analysis. By the 
aame Author. 8vo. 5s. 

The Senses and the Intellect. 

By Alexander Bain, LL.D. Prof, of Logic 
in the Univ. of Aberdeen. Third Edition. 
8vo. 15*. 

Mental and Moral Science : a 

Compendium of Psychology and Ethics. 
By Alexander Bain, LL.D. Second 
Edition. Crown 8vo. 10«. Qd. 

TheTheory of Practice; an Ethical 

Inquiry. By Shadworth II. Hodgson. 
2 vols. 8vo. price 24«. 



Ueberweg's System of Logic, 

and History of Logical Doctrines. Trans- 
lated, with Notes and Appendices, by T. M. 
Lindsay, M.A. F.R.S.E. 8\'o. price 16s. 

The Philosophy of Necessity; or. 

Natural Law as applicable to Mental, Moral, 
and Social Science. By Charles Brat. 
Second Edition. 8vo. 9«. 

A Manual of Anthropology, or Science 
of Man, based on Modem Research. By 
the same Author. Crown 8vo. 6*. 

On Force, its Mental and Moral Corre- 
lates. By the same Author. 8vo. 5*. 

Time and Space; a Metaphysical 

Essay. By Shadworth H. Hodgson. 
8vo. price 16*. 

The Discovery of a New World 

of Being. By George Thomson. Post 
8vo. Gs. 

A Treatise on Human Nature; 

being an Attempt to Introduce the Expe- 
rimental Method of Reasoning into Moral 
Subjects. By David Hume. Edited, witli 
Notes, &c. by T. H. Green, Fellow, and 
T. H. Grose, late Scholar, of Balliol Col 
lege, Oxford. [7n the press. 

Essays Moral, Political, and Li- 
terary. By David Hume. By the same 
Editors. [7n the press. 

•«• The above will form a new edition of 
David Hume's Philosophical Works j com- 
plete in Four Volumes, but to be had in Two 
separate Sections as announced. 



Astronomy^ Meteorology, Popular Geography, ^-c. 



Outlines of Astronomy. By Sir 

J. F. W. Hbrschkl, Bart. M.A. Eleventh 
Edition, with 9 Plates and numerous Dia- 
grams. Square crown 8vo. 12*. 

Sohellen's Speotnim Analysis, in 

its Application to Terrestrial Substances 
and the Physical Constitution of the Hea- 
venly Bodies. Translated by Jane and 
C. Lassell; edited, with Notes, by W. 
HuGoras, LL.D. F.R.S. With 13 Plates 
(6 coloured) and 223 Woodcuts. 8vo. 28«. 

The Son ; Rider, Light, Fire, and 

Life of the Planetary System. By Richard 
A. Proctor, B.A. F.R.A.S. With 10 Plates 
(7 coloured) and 107 Woodcuts. Crown 
8vo. price 14** 

Saturn and its Ssratem. By the lame 
Author. 8vo. with 14 Pktes, 14«. 



Navigation and Nautical As- 
tronomy (Practical, Theoretical, Scientific) 
for the use of Students and Practical Men. 
By J. Merrifield, F.R.A".S. and H. 
EvERS. 8vo. 14«. 

Celestial Objects for Common 

Telescopes. By T. W. Webb, M.A. F.R.A.S. 
New Edition, revised and enlarged, with 
Map of the Moon and Woodcuts. 16mo. 
price Is. 6d. 

A New Star Atlas, for the Library, 
the School, and the Observatorj-, in Twelve 
Circular Maps (with ^Two Index Plates). 
Intended as a Companion to * Webb's Celes- 
tial Objects for Common Telescopes.' With 
a Letterpress Introduction on the Study of 
the Stars, illustrated by 9 Diagrams. By 
BioxiABD A. Proctor, B.A. Hon. Sec 
R.A.S. Crown 8vo. 5«. 
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NEW WORKS ruBLwniD by LONGMANS asd CO. 



Othor Worlds than Ours; the 

Plurality of Worlds Studied under the 
Light of Recent Scientific Researches. By 
R. A. Prcmtor, B.A. F.R.A.S. Second 
Edition, rcWsed and enlarged ; uith 14 
IlluKtrations. Crown 8vo. 10«. Qd, 

A General Dictionary of G^o- 

t^apliy, Descriptive, Physical, Stntistical, 
and Historical ; forming a complete 
Ctazettcer of the World. By A. Kkith 
Johnston, F.R.S.E. New Edition. 8vo. 
price 3 If. 6d. 

Essays on Astronomy. By Richard 

A. pKocTt)R, B.A. Hon. Sec. R.A.S. Dedi- 
cated, by permission, to the Astronomer- 
R(.val. * 8vo. with 10 Plates and 20 Wood 
Engravings, price 12*. 



A Manual of 060graphy» Fhjwol, 

Indostrifl], and Politicfd. By \V. Huobbi, 
F.R.G.& Prof, of Geog. in King's CoD. nd is 
Queen's Coll Lond. WithGMaps. Fcp,7t.U 

Maimder*8 Treasury of Oeogn^ 

pby, Physical, Historical, Descriplire^ md 
PoUUcal Edited by W. HuoiiES, FJL6.8. 
With 7 Maps and 16 Plates. Fcp. 6f; 

The Publio Bohoola Atlas of 

Modem Geography. In Thirty-one Mtpi, 
exhibiting clearly the more importSBt 
Physical Features of the Countries deli- 
neated, and Noting all the Chief Places of 
Hii^torical, Commercial, and Social Interest 
Edited, with an Introduction, by the Ber. 
G. Butler, M.A. Imperial quarto, price 
3«. Gd, sewed ; 5«. cloth. 



Natural Ilistory and Popular Science. 



Gktnot's Elementary Treatise on 

Physic?, Experimental and Applied, for the 
use of Colleges and Si.>hoold. Translated and 
Editetl with the Author's sanction by 
E. ATKIX80N, Ph.D. F.C.S. New Edition, 
revised and enlarged ; with a Coloured Plate 
and 726 Woodcuts. Post 8vo. Von, 

Text-Books of Scienoe, Mechanical 
;ind Physical. Edited by T. M. (mm)i>kvk, 
M.A. The following may now be had, 
prire 3«. 6</. each : — 

1. G(>oi>KVK*s Mechanism. 

2. Bi.oxam's Metals. 

3. Mim.kr's Inorg.inic Chemistry. 

A. (JniKFis's Algebra and Trigonometry. 
.', Watson's Plane and Solid (Jrometry. 
0. Maxw Ki.i/s Theory of Heat. 
7. Mkiiiiikiki.i/s Technical Arithmetic 
and Mensuration. 

Dove's Law of Storms, considered in 
connexion with the ordinary Movements of 
the Atmosphere. Translated by II. H. 
StoTT, M.A. T.C.I). 8vo. 10*. CJ. 

The Correlation of Fhysioal 

Forces. By W. R. Grovk, Q.C. V.P.R.S. 

Fifth Edition, revised, and Augmented by a 
Discourse on Continuity. 8vo. 10s, 6d. 
The Diicoursf, separately, prica 2«. Gd, 

Natural Philosophy for General 

Readers and Young Persons ; being aCourse 
of Phvj*ics divested of Mathematical For- 
mulse, expressed in the language of daily 
life, and illustrated with Explanatory 
Figures, familiarly eluci<lating the Prin- 
ciples and Facts. Translated and edited 
from Ganot's * Cours dc Physique,' with the 
Author's sanction, by E. wVtkiksox, Ph.D. 
F.C.S. Crown 8vo. with Woodcuts, 7f. (id* 



Heat a Mode of Motion. By Pro- 
fessor John Tyxdall, LL.D. F.R.S. Fourth 
Edition. Crown 8vo. with Woodcuts, 
price 10<. Qd. 

Bound: a Course of Eight Lectures de- 
livered at the Royal Institution of Grest 
Britain. By Proftssor J<»iin Tyxdali, 
; LL.D. F.R.S. New Edition, with Portrait 
i and Woodcuts. Crown 8vo. 9*. 

Besearohes on DiamagnetiBm 

and Magnc-Crystallic Action ; inclnding 
the Question of Diamagnctic Polarity. By 
Professor Tyxdall. With 6 Plates and 
many Woodcuts. 8\'0. 14s. 

Notes of a Course *of Nine Lec- 
tures on Light, delivered at the Royal 
Institution, a.d. 1869. By Professor Try- 
DALL. Crown 8vo. Is. sewed, or It. &f. 
cloth. 

Notes of a Course of Seven Lee- 

tures on Electrical Phenomena and Tlieorict, 
delivered at the lioyal Institution, a.d. 1870. 
By Professor Tyxdall. Crown 8vo. li. 
sewed, or Is. G<f. cloth. 

A Treatise on Eleotricity, in 

Theory and Practice, By A. Db La Rive, 
Prof, in the Academy of Geneva. Trans- 
lated by C. V. Walker, F.R.& 8 Yob. 
8vo. with Wooilcuts, £3. 13s. 

Fragments of Soienoe. By Josir 

TvxDAi.m LL.D. F.R.S. Third Edition. 
8vo. price 1A$, 

Light Scienoe for Leisure Hoiin; 

a Series of Familiar Essays on Scientific 
Subjects, Natural Phenomena, &c. By 
R. A. Pr<>< tor, B.A, F.ILA.S. Crown 8ra 
price 7s. 6</. 



NEW WORKS PUBUIBID BT LONGMANS AVD CO. 



Xii^^t : its Influence on Life and Health. 
By Forbes Winslow, M.D. D.C.L. Oxon. 
(Hon.) Fq). 8yo. 6s, 

Van Der Hoeven's Handbook of 

Zoology. Translated from the Second 
Dutch Edition by the Bev. W. Clark, 
M.D. F.R.S. 2 vols. 8vo. with 24 Plates of 
Fi^pires, 60«. 

Professor Owen's Iieotures on 

the Comparative Anatomy and Physiology 
of the Invertebrate Aninuds. Second 
Edition, with 235 Woodcuts. 8vo. 21j. 

The Comparatiye Anatomy and 

Physiology of the Vertebrate Animfds. By 
RiCTHARD OwEjr, F.R.S. D.C.L. With 
1,472 Woodcuts. 8 vols. 8vo. £3 18*. Bd. 

Kirby and Si>enoe's Introduction 

to Entomology, or Elements of the Natural 
Histoxy of Insects. Crown 8vo. 5«. 

Homes without Hands; a Descrip- 
tion of the Habitations of Animals, dassed 
according to their Principle of Construction. 
By Rev. J. G. Wood, M.A. F.L.S. With 
about 140 Vignettes on Wood. 8vo. 21«. 

Strange Dwellings; a Description 

of the Habitations of Animak, abridged 
from * Homes without Hands.' By J. O. 
Woox>, Mj\, F.L.S. With a New Frontis- 
piece and about 60 other Woodcut Illus- 
trations. Crown 8vo. price 7«. 6d. 

Bible Animals ; a Description of every 
Living Creature mentioned in the Scrip- 
tures, Arom the Ape to the CoraL By 
the Rev. J. G. Wood, M.A. F.L.S. With 
about 100 Vignettes on Wood. 8vo. 21i. 

The Harmonies of Nature and 

Unity of Creation. By Dr. G. Hartwio. 
Svo. with numerous Illustrations, 18f. 

The Sea and iti lA-ving 'Wonders. By 

the same Author. Third Edition, enlarged. 
8vo. with many Illustrations, 2 Is. 

The Tropioal "World. By the same Author. 
With 8 Chromoxylographs and 172 Wood- 
cuts. 8vo. 21s. 

The Subterranean World. By the same 
Author. With 3 Maps and about 80 Wood- 
cut Illustrations, including 8 fiill size of 
page. 8vo. price 21s. 

The Polar World: a Popular Beacription of 
Man and Nature in the Arctic and Antarctic 
Regions of the Globe. By the same Author. 
With 8 Chromoxylographs, 3 Maps, and 85 
Woodcuts. 8vo. 21f. 



Insects at Home; a Popukr Ac- 
count of British Insects, their Structur^ 
Habits, and Transformations. Bv tlie 
Bev. J. G. Wood, M.A. F.L.S. Wiih 
upwards of 700 Illu^trdtions en^rav^d oo 
Wood, 1 coloured and 21 full size of pr^e. 
8vo. 21*. 

The Origin of Civilisation and 

the Primitive Condition of Man ; MenUJ 
and Social Condition of Savages. By Sir 
John Lubbock, Bart. M.P. F.R.S. Sorond 
Edition, revised, with 25 Woodcuts. 8yo. 
price 16s. 

The Primitive Inhabitants of 

Scandinavia. Containing a Description of 
the Implements, Dwellings, Tombs, aa^ 
Mode of Living of the Savages in the North 
of Europe during the Stone Age. By Svioi 
NiLSsoN. 8vo. Plates and Woodcuts, ISs. 

A Familiar History of Birds. 

By £. Stanley, D.D. late Lord Bishop if 
Norwich. Fcp. with Wowlcuts, 3s. 6d, 

ICannder's Treasury of Natural 

History, or Popular Dictionary' of Zoology. 
Revised and corrected by T. S. Cobboli* 
M.D. Fcp. with 900 Woodcuts, C*. 

The Elements of Botany foi 

Families and Schools. Tenth Edition, ro- 
vised by Thomas Mi)ore, F.L.S. Fcp 
with 154 Woodcuts, 2«. C</. 

The Treasury of Botany, or 

Popular Dictionary of the Vegetable King- 
dom ; with which is incorporated a Glo*- 
saiy of Botanical Terms. Edited l»y 
J. Lindlet, F.R.S. and T. Moons, F.L.S. 
Pp. 1,274, with 274 Woodcuts and 20 St<y-< 
Plates. Two Parts, fcp. 8vo. 12*. 

The Bose Amateur's Guide. By 

Thomas Rivers. New Edition. Fcp. 4*. 

Loudon'sEncyolopsddia of Plants; 

comprising the Specific Character, Descrip' 
tion. Culture, History, &c. of all the Pbnt# 
found in Great Britain. With upwards of 
12,000 Woodcuts. 8vo. 42s. 

Maunder's Scientiflo and Lito 

rary Treasury ; a Popular Encyclopaedia ot 
Science, Literature, and Art. New Edition, 
in part rewritten, with above 1,000 new 
articles, by J. T. Jonxsox. Fcp. 6«. 

A Dictionary of Science, Literal 

ture, and Art. Fourth Edition, re-edited 
by the late W. T. Br-Otde (the Author) 
and Gborob W. Cox, M.A. 8 vols, medium 
8vo. price 68s. doth. 



10 



NT 



:.ss' 



OOl 



Ch</ftif(ry. MeJi'.um. Surgery, and the Allied Sciences. 
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A Dictionaiy of Chezniitry and 

th« AIIl'. : L;i:.:,-* f :i-- "^.i-:. .*^ Bt 

Soxiplement ; * r -^rx:^* E^ rl 7?Cla«:Sfal 
Div.vvi M- ''I'.-mr T . r* -; -rd -.-f th*: r«T 1 WS' : 
infla*!:::^' al-. •-►^•^tl Aiiiti'.'R* to. and 
O. JTr^:- r. • r . ' r -. - r r- - >. • irhi . b hare 
4f;p;.i:-i ::. >r.. i.-. : :?7:. }:y the «aM 

Beseardies in Molecular FhyBics 

MtE." Ir- : Vr :■ 1 :r 3i : .- I'hil—'ihical 
T^aL^a.■. :.?. ;;y J..iix i vn:m i-, LL.D. 
F.B.S. i -. 1- "T . ' /n tftt prr9t. 

ElementB of Chemistry, Theore- 

ticil JIL'I IVC-'.-tKal. IJV WlLLLOl A. 

Miller. M.1>. LL.D. rr..:\-H.r of C^emis- 
tJT, Kin,;*9 CV-ll' ^•*', lyjC'kc. Ft-unh E-ii- 
tivn. U V- 1*. *vv. jU. 

PaP.T I. CllK>fI« AI- PlIT-If S iZt. 
PaKT n. Iv»i:«,AM*. < IfEMI-TBV, 2lf. 
I'AUT III. Oi:«^AM<. <. ilKMI^TKY, i-lfc 

A Course of Practical Chemistry, 

for th'.' U-; t'l M»^lJc:J >tUilei.i*. JB}* 
W. Oi>LiN*i. M.U. F.K.S. N« w £iliti<<D, with 
TO n^-w Wij-.-lcu:-*. C'r^wn 8vo. 7«. 6(1. 

Outlines of Chemistry; rr, Erief 

Notet of CL*mi*.al Faci^. liy the »ame 
AntLf r. Cr.'wu evy. 7*.«>/. 

Ijectores on Animftl ChemiBtxr Dclirered 

•t lb": It'.val C'.-ll«-ir'.- ^i PLvsiciaiii in l**Jo. 
By thi- siiju<: Auih«'r. Cr. wn cvo. U. ♦x/. 

Select Methods in Chemical 

ADaU-M<i, cl)i--riv ln«>r:,'anio. Itv William 
Cn'^>KF-s F.R.**. Wit!i 22 W<MxicuU. 
Crown <<vo. jiri-.v l'2s. iUI. 

Chemical Notes for the Lecture 

Room. By Tii«»MA!» W«N,D, F.C.S, 2 voIa. 
crown 8vo. I. on Heat, &c, price 5f, 
II. on the Metals, price os. 

The Diagnosis, Pathology, and 

Treatmint of Di**i&ife6 of Women ; inclading 
the Diagnosis of Pregnancy. By Graily 
Hewitt, M.D. &c. Preudtnt of the Obste- 
Irical Society of London. Second Edition, 
il^eed\ with 116 Woodcnta. 8to. 24j. 

On the Surgical Treatment of 

Children's Diseases. By T. Holme.s MA. 
&c. late Surgeon to the Hospital for Sick 
Children. Second £<iition, with 9 FTatea 
and 112 Woodcuts. 8to. 21«. 



oflai 

Bf CaABuaWm, 
MJX ftc HfthEditioa. 8f«wl€^ 

On flkmia IMsoTdeni of tiie Ve^ 

rottf Syvtem ia Cbildhood. Beng tk 
1 iwlfTMi LtctoRa delirmd bcfivi te 
BtfTsl Colk«e of FkjBcina in Maith ISn. 
Bj CBJUELEi West, ILD. CiovB8f«.5L 

IisetBraa on Hie Piluulptes isDd 

Practice of Phyne. Bj Sir Tmsis Wat- 
sox. Bait, M.D. FlijaiduHb-OrfiBaiy to 
Ihe Qnem. RfUi Edition, tfaoraogUyR- 
TiMd. 2 Toll. 8ro. price 36f. 

Lectnres on Siirg;ical Pathology. 

By Sir Jamta Paget, Bart F.R.S. Tbinl 
£^ lit ion. revised am! re-edit«d by the Aotbor 
?nd Prof*.««>r W. TcErrxR, M.B. 8to. witJi 
131 Woodcuts, 2U. 

Cooper's Dictionary of PnctictI 

Sorgery and Encydopfedia of Saip':i] 
Science. New EditioD, brought dovn to 
the present time. By S. A. Laxk, Soicwo to 
Sc Mary's Iloapital, 4:c. aaiirted by Tvioiis 
Eminent Soigeoos. ^Vol. II. 8to. eriiB- 
pletin g the work. Tim the prt$t. 

On Chronic BronchitiB, espefiillj 

aa connected with Gont, EmphyiieiBi, ssd 
Di.«LAses9 of the Heart. Br £. Headlax 
Gbcexhow, M.D. F.B.CJ*. &c. 8T0.7f.6tf. 

The Climate of the South of 

France as Suited to Invalids ; with Noticn 
of Mediterranean and other Winter Sta- 
tions. By C. T. WizxxAS8» M.A. M.a 

Oxon. Phyucian to the Hospital («« Con- 
sumption at Brompton. Second Editioo. 
Crown 8ro. Cs. 

Pulmonary Consumption; it* 

Nature, Varietiea, and Treatment : with u 
Analysis of One Thoaaand Cases to exem- 
plify its Duration. By C. J. B. WILLLiX^ 
M.D. F.R.a and C. T. Willuscs M»4. 
M.D. Oxon. Physicians to the Hospital for 
Consumption at Brompton. Post 6to. 
prke lOf. 6A 

Anatomy, Des criptive and Snr- 

gicaL By He5RT G&at, F.R.8. ^Ilth 
about 410 Woodcuts flrom Dissections. Fiftk 
Edition, by T. Holmes, MJL Cantab. Witk 
a New Intiodnctioo by tha lEditor. Bojil 
Sto. 28t. 

The House I Ure in; or,Pb|m]tf 

Illustrations of the Stmcture and Fnctioiif 
of the Human Body. Edited by T.G.Gixinr. 
Kew EditioB^ with 26 Woodcuts. Iteo. 
price 2f.6d 
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A System of Surgery, Theoretioal 

and Practical, in Treatises by Yariooa 
Anthors. Edited by T. Holmes, MA. &c 
Surgeon and Lecturer on Surgery at St 
George's Hospital, and Surgeon-in-Cluef to 
the Metropolitan Police. Second Edition, 
thoroughly revised, with numerous Illus- 
txations. 5 vols. 8to. £5 5«. 

dinioal Leotnres on Diseases of 

the Liver, Jaundice, and Abdominal Dropsy. 
By C. Mcncnisox, M.D. Physician to the 
Middlesex Hospital. Post 8vo. with 25 
Woodcuts, lOf. Od, 

Physiological Anatomy and Fliy- 

siology of Man. By the late R. B. Todd, 
M.D. F.R.S. and W. Bowman, F.R.S. of 
King's College. With numerous Illustra- 
tions. Vol. II. 8vo. 25«. 

Vol. I. New Edition by Dr. Lionel S. 
Beale, F.R.S. in course of publication, 
with numerous Illustrations. Parts I 
and II. price 7«. 6d. each. 



Outlines of Physiology, Human 

and Comparative. By John Marsha ll, 
F.R,C.S. Professor of Surgery in University 
College, London, and Surgeon to the Uni- 
versity College Hospital. 2 vols, crown 8vo. 
with 122 Woodcuts, 32*. 

Copland's Dictionary of Practical 

Medicine, abridged from the larger work, 
and ihroughout brought down to the pre- 
sent state of Medical Science. 8vo. 36c. 

Dr. Pereira's Elements of Materia 

Medica and Therapeutics, abridged and 
adapted for the use of Medical and Phar- 
maceutical Practitioners and Students ; and 
comprising all the Medicines of the British 
Phamiacopaia, with such others as arc 
frequently ordered in Prescriptions or re- 
quired by the Physician, Edited by Pro- 
fessor Bentley, F.L.S. Ac. and by Dr. 
Rednvooi>, F.C.S. &c. With 125 Woodcut 
Illustrations. 8vo. price 255. 



The Fine Arts, and Elicstrated Editions. 



In Fairyland ; Pictures from the Elf- 
World. By RiCHABD DoYLK. With a 
Poem by VV. Allixgham. With Sixteen 
Plates, containing Thirty-six Designs 
printed in Colours. Folio, SU. 6<f. 

Albert Dnrer, his Life and 

Works ; including Autobiographical Papers 
and Complete Catalogues. By William 
B. Scott. With Six Etchings by the 
Author and other Illustrations. 8vo. 16«. 



Half-Honr Lectures on the 

tory and Practice of the Fine and Orna- 
mental Arts. B}'. W. B. Scott. Second 
Edition. Crown 8vo. with 50 Woodcut 
lUustrations, 8«. 6d, 

The Chorale Book for England : 

the Ilvmns Translated bv Miss C. Wink- 
WORTH ; the Tunes arranged by Prof. W. 
S. Bennett and Otto Goldsciimidt. 
Fcp. 4to. 12«. Qd. 

The New Testament, illustrated with 

Wood Engravings after the Early Masters 
chiefly of the Italian School. Crown 4to. 
63«. cloth, gilt top ; or £5 5«. morocco. 

The Life of Man Symbolised by 

the Months of the Year in their Seasons 
and Phases. Text selected by Richard 
Pioot. 25 Illustrations on Wood from 
Original Designs by John Leiohton, 
F.S.A. Quarto, 42«. 



I Cats' and Farlie's Moral Em- 
blems ; with Aphorisms, Adages, and Pro- 
verbs of all Nations : comprising 121 Illus- 
trations on Wood by J. Leighton, F.SwA. 
with an appropriate Text by B. Piqot. 
Imperial 8vo. 31». 6rf. 

Sacred and Legendary Art. Bj 

Mrs. jAiiEsoN. 6 vols, square crown 8vo. 
price £5 15». Gd, as follows : — 
IjegendB of the Saints and Martyrs. 
New EtUtion, with 19 Etchings and 187 
Woodcuts. 2 vols, price 31». Qd. 

Ijegends of the Monastic Orders. New 

Edition, with 1 1 Etclimgs and 88 Woodcuts. 
I vol. price 21*. 

Xiegends of the Madonna. New Edition, 
with 27 Etchings and 165 Woodcuts. 1 
vol. price 2is. 

The History of Our Lord, with that of His 
Types and Precursors. Completed by Lady 
E^iSTLAKE. Revised Edition, with 13 
Etchings and 281 Woodcuts. 2 toIb. 
price 42s. 

Lyra Gtormaniea, the Christian Year. 
Translated by Catiierink Winkworth, 
with 125 Illustrations on Wood drawn by 
J. Leiohton, F.SA. Quarto, 21«. 

Iiyra Oermanioa. the Christian Life. 
Translated by Catherine Winkworth; 
with about 200 Woodcut Illustrations by 
J. Leiohton, F.S.A. and other Artists. 
1 Quarto, 21«. 
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The Useful ArtSj Momu/actires^ ^x. 



Gwilt'8 EncydopflDdia of Ardd^ 

!'*.•♦ ure, witi: iU^vt lS//t Wood<rat«. Fifth 
VA'xK'unf with Alt«T:it:.u and covideraUe 

A'l'litiolU, Lv WVATT PAItlOSTH. 8t«. 

A Manual of Architecture : being 

a Concise lit>t'>rT sti'i Explaoaticn of the 
firiccipal Styles of KurofMran ArcLitectiire« 
Ancient, 5f «:'!:. -«n'al, and B4.'nai<>«an?e ; with 
their (.V.i.f VariatiooB and a Gkaaarj of 
Teclici-al IVrm*. Ii%' Tiioma-* Mitchell. 
With Ijtj WckmIcui^.' Crown 8vu. lOf. 6dL 

Hiiitory of the Gothic Bevival; 

an Atteirpt to ^Lew hovr fur the taste for 
M«dia;\'al Arrhitc-<-ture was retaine<l in 
Kuj;land durir.;: t!ie la^t two centorifR, and 
liaji been reHrlcvelofMid in the pn-^ent. Br 
C. I^ EA>rf-.\Ki:, Architect. With 48 
Illa<<tratioiu i':W full ^ize of i-K^). Im- 
I>cri;il Hvo. i»ricc 31 «. firf. 



on Household Taste in 

Furniture, Uj>hoLitcTy, and other Detail*. 
Uy CiiAKLKS L. Kaktijikk, Architect. 
S<>cond Edition, with al/out 90 lUiL^itrationa. 
.S^juare crown 8vo. 18j. 

Lathes and Turning, Simple, Me- 
chanical, and Ornamental, liy W. Hf:nry 
NonTiifxiTT. With ulwut 240 Illustrations 
on Steel and Wood. 8vo. ISs. 

Principles of Mechanism, designed 

for the use of .Students in the Universities, 
and for Engineering Students generally. 
By R. WiLLiH, M.A. F.K.S. Ac. Jacksonian 
Profcisor in the Univ. of C'ambridgc. Second 
JCdition ; with 874 Woodcuts. 8vo. 18f. 

Handbook of Practical Tele- 

grnphy. IJy li. S. Cullky, Memb. Inst. 
(M:. Engineer-in-C:hief of Telegraphs to 
ihr Post-Office. Fifth Edition, revised and 
enlarged ; with 118 Woodcuts and Plates. 
Hvo, price 14«. 

Tire's Dictionary of Arts, Manu- 

factures, and Mines. Sixth Edition, re- 
written and greatly enlarged by Robkrt 
Hint, F.R.S. assisted by numerous Con- 
tributors. With 2,000 Woodcuts, 8 vols, 
medium 8ve. £4 14«. Cd. 

Catechism of the Steam Engine, 

in its various Applications to Mines, Mills, 
Staam Navigation, Railways, and Agricul- 
ture. By JoiiM Bourne, C.E. New Edi- 
tion, with 80 Woodcuts. Fcp. C^ 



, Xncyclopsdia of Cira Kn g iiie a r - 

I ing. Historical, Theoretical, and Pncticd 
By £. Crest, C^ Wi:h above S,000 
WoodentL 8va 42t. 

TiMtise on Mills and MillworiL 

By Sir W. FAiRBAtEsr, B»t. F.R.S1. New 
Edition, with 18 PUtes an.1 9ii Woodati. 
2 vols. 8vo. 32a. 

Ufleftal Informatton for Xnidiieen. I^ 
the same Anthor. FiBirr, Si:o*srD^ uid 
TincD Series, with many Plates and 
Woodcnta. 8 vols, crown 8ra. 10a.6dL each. 

Tha AppneAtion of Cast and 'Wrought 
Iron to Bailding ParpoM^ I*y the sain<* 
Author. Fourth Edition, with Piit-.-s and 
118 Wooflcuts. 8vo. ICs. 

Iron Ship Building, its History 

and Progress, as comprised in a Series of 
Experimental Reseaivhes. Hy Sir W. Fair- 
bairx, Bart. F.R.S. With " 4 Platca tnd 
130 Woodcuts, 8vo. 18s. 

A Treatise on the Steam Engise, 

in its various Applications to Mines, Mill5, 
Steam NaWgation, Railway:s *nd Agri- 
culture. IJy J. BouRXE, C.E. New Edition; 
with Portrait, 37 Plates and 510 Woodcuts. 
4to. 4-2s. 

Becent Improvements in the 

Steam-Engine. By Jonjc BtunxE, C.E. 
New Edition, including many New Ex- 
ainpleii, with 121 Woodcuts. Fcp. 8vo. 6#. 

Bourne's Examples of Modem 

Steam, Air, and Gas Engines of the most 
Approved Types, as employed forPumjung. 
for Driving Macbineiy, for Locomotion, 
and for Agriculture, minutely and prac- 
tically described. In course of publication, 
to be completed in Twenty-four Part*», price 
2«. Crf. each, forming One Volume, with 
about 50 Plates and 400 Woodcuts. 

A Treatise on the Screw Pro- 

peller. Screw Vessels, and Screw Engines, 
as adapted for purposes of Peace and War. 
By John Boi-hnk, C.E. Third Edition, 
with 54 Plates and 287 Wocnlcuts. Quarto, 
price C8#. 

Handbook of the Steam Engine. 

By John Boirnk, C.E. forming a Kkv to 
the Author's Catcclusm of the Steam Engine. 
With C7 WoodcuU. Fcp. 9i. 

A History of the Machine- 

Wninght Hosiery and I^ce Manufactures. 
By Wii.MAM Fklkix, F.L.S. F.S.S. With 
several Illustrations. Royal 8vo. 2 It. 
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Mitchell's Manual of Fractioal 

Assaying. Third Edition for the most part 
rc-written, with all the recent Discoveries 
incorporated. By W. Crookes, F.R.S. 
With 188 Woodcuts. 8vo. 28«. 

The Art of Ferftunery ; the History 
and Theory of Odour?, and the Methods of 
Extracting the Aromas of Plants. By Dr. 
PiEssE, F.C.S. Third Edition, with 63 
Woodcuts, Crown 8vo. lOt. 6rf. 

Bayldon's Art of Valuing Bents 

and Tillages, and Claims of Tenants upon 
Quitting Farms, both at Michaelmas and 
Lady-Day. Eighth Edition, rerised by 
J. C. Morton. 8vo. 10«. 6d. 

On the Manufacture of Beet- 

Koot Sugar in England and Ireland. By 
William Crookes, F.R.S, With 11 Wood- 
cuts. 8vo. 8s. Gd, 



Practical Treatise on Metallurgy, 

adapted from the last German Edition ot 
Professor Kerl's Metallurgy by W. 
Crookes, F.R.S. &c. and E. R5hrio, 
Ph.D. M.E. 3 vols. 8vo. with 625 Wood- 
cuts, price £4 19*. 

Loudon's Enoyclopsedia of Agri- 
culture: comprising the Laying-out, Im- 
provement, and Management of Landed 
Property, and the Cultivation and Economy 
of the iSroductions of Agriculture. With 
1,100 Woodcuts. 8vo. 21». 

IjOudon'B EncyolopaBdia of G-ardening : 
comprising the Theory and Practice of 
llorticulture. Floriculture, Arboriculture, 
and Landscape Gardening. With 1,000 
Woodcuts. 8vo. 21a. 



Religious and Moral Works. 



Authority and Conscience ; a Free 

Debate on the Tendency of Dogmatic 
Theology and on the Characteristics of 
Faith. Edited by Conway Morel. Post 
8vo. It. Od, 

Heasons of Faith ; or, the Order of the 
Christian Argument Developed and Ex- 
plained. By the Kev. G. S. Drew, M.A. 
Second Edition, revised and enlarged. Fcp. 
8vo. 6s. 

Christ the Consoler; a Book of Com- 
fort for the Sick. With a Preface by the 
night Kev. the Lord Bishop of Carlisle. 
Small 8vo. 6«. 

The True Doctrine of the Eucha- 
rist. By Thomas S. L. Vogax, D.D. 
Canon and Prebendary of Chichester and 
Rural Dean. 8vo. 18s. 

The Student's Compendium of 

the Book of Common Prayer ; being Xotes 
Historical and Explanatory of the Liturgy 
of the Church of England. By the Rev. H. 
Alldex Nash. Fcp. 8vo. price 2s. Od, 

Synonyms of the Old Testament, 

their Bearing on Christian Faith and Prac- 
tice, By the Rev. Robert B. Girole- 
8TOXE, M.A. 8vo. price 15*. 

Fundamentals; or. Bases of Belief 
concerning Man and God : a Handbook of 
Mental, Moral, and Religious Philosophy. 
By the Rev. T. GRiFFirn, M.A. 8vo. 
price lOf. 6d, 

An Introduction to the Theology 

of the Church of England, in an Exposition 
of the Thirty-nine Articles. By the Rev. 
T. P. BouLTBEV, LL.D. Fcp. 8to. price 6a. 



Christian Sacerdotalism , viewed 

from a Layman's standpoint or tried by 
Holy Scripture and the Early Fathers ; 
with a short Sketch of the State of the 
Church from the end of the Third to the 
Reformation in the beginning of the Six- 
teenth Century. By Joiix Jardine, M.A. 
LL.D. 8vo. 8s. Gd. 

Prayers Selected from the Col- 
lection of the late Baron Bunscn, and 
Translated by Catherine Wijckwortii. 
Part I. For the Family. Part II. Prayers 
and Meditations for Private Use. Fcp. 
8vo. price ds. Gd, 

Churches and their Creeds. By 

the Rev. Sir Philif Perrimo, Bart, late 
Scholar of Trin. Coll. Cambridge, and 
University Medallist. Crown 8vo. 10«. Gd. 

The Truth of the Bible ; Evidence 

from the Mosaic and other Records of 
Creation ; the Origin and Antiquity of 
Man ; the Science of Scripture ; and fVom 
the Archieologj* of Different Nations of the 
Earth. By the Rev. B. W. Savile, M.A. 
Crown 8vo. 7». Gd, 

Considerations on the Bevision 

of the English New Testament. By C. J. 
Ellicx)tt, D.D. Lord Bishop of Gloucester 
and Bristol Post 8vo. price 5«. 6<f. 

An Exposition of the 89 Articles, 

Historical and Doctrinal By E. Harold 
Browne, D.D. Lord Bishop of Ely. Ninth 
Edition. 8vo. IGs. 

Bxaminfttion-QuMtionB on Biihop 
Browne** Exposition of the Articles. By 
the Rer. J. GoRLB, MJL ¥€p,Bs.6d. 
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The Voyage axid Shipwreck of 

St. Paul; with DiiMrtations on the Ships 
an<l Xavip:ation of the Ancients. By James 
Surrn,F.R.S. Crown 8vo. Charts, 10«. W. 

The Lifb and Epistles of St. 

Paul. By the Rev. W. J. CoNvnEARE, 
M.A. and the Very Rev. J. S. IIowsox, 
D.D. Dean of Chester. Three Editions :— 

LinR.\RT Edition, with all the Original 
Illustrations, Maps, Landscapes on Steel, 
Woodcuts &c. 2 vols. 4to. 48*. 

Intfrmf.diatr Edition', with a Selection 
of Maps, Plates, and Woodcuts. 2 vols, 
square crown 8vo. SU. GtL 

Sti'dkxt's Edition, reA-ised and con- 
densed, with 4<> Illustrations and Maps. 1 
vol. crown 8vo. 9*. 

Evidence of the Truth of the 

Christian Reli^on derive<l frrun the Literal 
Fuliilment of Prophecy. By Alexander 
Keith, D.D. 37th PMition, with numerous 
Plates, in square 8vo. V2s. Cr/.; also the 
89th Edition, in post 8vo. with 5 Plates, G«. 

The History and Destiny of the "World 
and of the Church, according to Scripture. 
By the same Author. S<[uare Svo. with 40 
Illustrations, 10s. 

The History and Literature of 

the Israelites, accordinpf to the OM Testa- 
ment and the Apocrj'pha. By C. Dk 
Rothschild and A. Dk Rothsthild. 
Second Edition. 2 vols, crown 8vo. 12s. Od, 

Vol. I. The Historical Books, Is. 6J. 
Vol. II. The Prophetic and Poetical Writings, 
price 5«. 
Abridpcfl Edition, in 1 vol. fcp. Svo. 3». CdL j 

Ewald'a History of Israel to the 

Death of Moses. Translated from the (ier- I 
man. Edited, with a Preface and an Ap- ■ 
pendlx, by Rissell Martinkau, M.A. ! 
Second Edition. 2 vols. 8vo. 2 Is. YoIihi. III. I 
and IV. edited by J. E. Cari'rnteu. M.A. 
price 21«. 

The See of Rome in the Middle 

Ages. By the Rev. Oswald J. Rbichel, 
B.C.L. and M.A. Svo. 18s. 

The Fontifloate of Pius the Ninth ; 

being the Thinl Edition, enlarged and 
continued, of * Rome and its Ruler.* By 
J. F. Maouire, M.P. Post Svo. Portrait, 
price 12s. Gd. 

Ignatius Loyola and the Early 

Jesuits. By Stewart Rose New Edition, 
revised. Svo. with Portrait, 16«, 

An Introduction to the Study of 

the New Testament, Critical, Exegetical, 
and TheologicaL By the Rev. 8. Davidsow, 
D.D. LL.D. 2 Tols. 8vo. 80/. 



A Critioal and Granmuitloal Oooi- 

mentazy on St. Paul** Epiatles. ByCJ. 
Ellioott, D.D. Lord Biahop of Gkracestcr 
and Bristol. Svo. 

Oalfttiftns, Fourth Bditfcm, 8t.6A 

Bph6«Un(h Fourth XditUm. 8t.6d. 

Pftttoral XpistlM, Fourth Edltioa, Ite. W. 

FtailippiAiis* OolOMdfliiSt and FhfliimaD, 
Thiid Edition, IDs. M. 

Thestaloniani. Third Bditlon, 19, 9d, 

HistorioalLeotnreB on the Lift of 

Oar Lord Jesna Chriat : being the HnbeiB 
Lectures for 1S50. By C J. Ellioott, D.D. 
Lord Bishop of Glouoeater and Bristol 
Fifth EdiUon. Svo. 12«. 

TheGreek Testament; withNotes, 

Grammatical and Exegetical. By the Be\'. 
W. Wk^stkr, M.A. and the Rev. W. F. 
Wilkinson, M.A. 2 vols. Svo. £2. 4t. 

Home's Introduction to the Cri- 
tical Study and Knowlcd<;ne of the Holy 
Scriptures. Twelfth Edition ; with 4 Mapi 
and 22 Woodcuts. 4 vols. Svo. 42s. 

The Treasury of Bible Know- 

letlge ; being a Dictionary of the Boob, 
Persons, Places, Events, and other Matters 
of which mention is made in Holy Scrip- 
ture. By Rev. J. Ayre, M.A. With 
^laps, 15 Plates, and numerous Woodcut j. 
Fop. Svo. C*. 

Every-day Soripture Difficulties 

explained and iUustrateft. By J. E. Pre.v 
C(>TT, M.A. I. Matthew and Mark ; 11. Lnke 
and John. 2 vols. Svo. price 9s. each. 

The Fentateuoh and Book of 

Joshua Critically Examined. By the Right 
Rev. J. W. CoLKiTHO, D.D. Lord Bishop of 
Natnl. Crown Svo. price 6s. 

Paiit VI. The I^ter LepjOation of the 
Pentateuch. Svo. 21s. 

The Formation of Christendom. 

By T. W. Alliks. Parts L and IL Sro. 
price 12s. each. 

Four Disoourses of Chryaostoniy 

chiefly on the parable of the Rich Man and 
I^zarus. Translated by F. Allrk, B.A. 
Crown Svo. ds. Gd. 

Bishop Jeremy Taylor's Bntire 

Works; with Life by Biabop Hkbcb. 
Revised and corrected bj the Rer. C P. 

Eden. 10 vols. £5. 5s. 

Hngland and Ohrifltendom. Bf 

Abcrbmhop iiAsmuto, DiD. Poet Sro. 
price lOi. 6dl 
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Thoughts for the Age. Bt Elizabeth 
M. Sewell, Author of *Amy Herberts* 
New Edition. Fep. 8vo. price 5«. 

Pasatng Thoughts on Beligion. By the 
same Author. Fcp. B». 6J. 

Self-ezamination before Confirmatioxi. 
By the same Author. d2mo. Is. 6d, 

Thoughts for the Holy "Week, for Young 
Persons. By the same Author. New 
Edition. Fcp. 8ro. 2s. 

Beadings for a Month Preparatory to 
Confirmation from Writers of the Early and 
English Church. By the same. Fcp. 4f. 

Readings for ISrery Day In Ijent, com- 
piled from the Writings of Hshop Jeremy 
Taylor. By the same Author. Fcp. 5s, 

Preparation for the Holy Ck>mmnnion; 

the Devotions chiefly from the works of 
j£R£3fY Taylor. By the same. 32mo. 3*. 

Principles of Education drawn from 
Nature and Revelation, and Applied to 
Female Education in the Upper Classes. 
By the same Author. 2 vols. fcp. 12*. 6rf. 



Singers and Songs of the Chnrch, 

being Biographical Sketches of the Hymn- 
Writers in all the principal Collections; 
with Notes on their Psalxns and Hymns. 
By JosiAii Miller, M^A. Post 8to. 10«. 6d. 

'Spiritual Songs 'for the Sundays 

and Holidays throughout the Year. By 
J. S. B. Monsell, LL.D. Vicar of Egham 
and Rural Dean. Fourth Edition, Sixth 
Thousand. Fcp. price 4s. Bd. 

The Beatitudes. By tho same Author. 
Third Edition, revised. Fcp. 3s. Sd, 

His Presence not his Memory, 1855. 
By the same Author, in memory of his So3c. 
Sixth Etlition. IGmo. 1». 

Lyra Q^rmanica, translated from the 
German by Miss C. Winkworth. First 
Series, the Christian Year, Hymns for the 
Sundays and Chief Festivals of the Church ; 
Second Series, the Christian Life. Fcp. 
8vo. price 3s. Gd. each Series. 

Endeavours after the Christian 

Life ; Discourses. By Ja^ies Martineait. 
Fourth Edition. Post 8vo. price 7*. Gd. 



Travels, Voyages, ^t. 



How to See Norway. By Captain 

J. R. Campbell. With Map and 5 Wood- 
cuts. Fcp. 8vo. price os, 

Pau and the Pyrenees, By Connt 

Henry Russell, Member of the Alpine 
Club. With 2 Maps. Fcp. 8vo. price 5#. 

Scenes in the Sunny South; In- 
cluding the Atlas Mountains and the Oases 
of the Sahara in Algeria. By Lieut.-Col. 
the Hon. C. S. Verkkkr, M.A. Com- 
mandant of the Limerick Artillery Militia. 
2 vols, post 8vo. price 21». 

Hours of Exercise in the Alps. 

By John Tyndall, LL.D., F.R.S. Second 
Edition, with Seven Woodcuts by E. ^Vhym- 
per. Crown 8vo. price 12». Gd, 

Travels in the Central Caucasus 

and Bashan, including Yisits to Ararat and 
Tabreez and Ascents of Kazbek and Elbruz. 
By Douglas W. Fresiifield. Sqnare 
•rown 8vo. with Maps, Sec, 18f. 

*Cadore or Titian's Country. By 

JosiAH QiLBKST, ODO of the AuthoiB of the 
'Dolomite Mountains.' With Map» Fac- 
simile, and 40 IHiistnidens. lmp.%vo.9l$.9d 



The Playground of Europe. By 

Leslie Stephen, late President of the 
Alpine Club. With 4 Illustrations on Wood 
by E. Whymper. Crown 8vo. 10«. Gd, 

Westward by Rail ; the New Route 

to the East. By W. F.Rae. Second Edition, 
Post 8vo. with Map, price 10«. Gd. 

Zigzagg^g amongst Dolomites; 

with jnore than 300 Illustrations by the 
Author, By the Author of * How we Spent 
the Summer.* Oblong 4to. price lbs. 

The Dolomite Mountains. Excnr- 

sions through Tyrol, Carinthia, Carniola, 
and Friuli. By J. Gilbert and G. C. 
Churchill, F.R.G.S. With numerous 
Illustrations. Square crown 8vo. 21i. 

How we Spent the Summer; or, 

a Voyage en Zigzag in Switzerland and 
Tyrol with some Members of the«ALriKE 
Club. Third Edition, re-drawn. In oblong 
4to. with about 800 Illustrations, 15«. 

Pictures in Tyrol and miofwhere. 
From a Family €ketch-Book. By the 
tame Author. Second Edition. 4to. with 
many lUustratioBS, 21f. 



10 



KEW WORKS ft:blibrkd bt LOXGMAXS akd GO. 



BeatOA Traokfl; or, Fen and Pencil 
Sketches in Italy. By the Anthor of < How 
ire spent the Summer/ With 42 Plates of 
Sketches. Svo. 1C<. 

The Alpine Club Map of the Chain 

of Mont Blanc, from an actual Survey in 
1S(;:j— I8G4, By A. Adams -Reillt, 
F.K.G.S. M.A.C. In Chromolithography on 
extra stout drawing paper 28in. x 17in. 
price 10$. or mounted on canvas in a folding 
case, l'2i,Gd, 

History of Discovery in onr 

Australasian Colonies, Australia, Tasmania, 
and New Zealand, from the Earliest Date to 
the Present Day. By Wiluam IIowitt. 
2 vols. 8vo. with 3 Maps, 20«. 

Visits to Bemarkable Flaoes: 

Old Halls, BatUe-Fields, and Scenes illus- 
trative of striking Passages in English 
History and Poetr}'. By the same Author. 
2 vol*, sqiuire crown 8vo. with Wood En- 
gravings, 25s. 



Otdde to the Pyrenees, for the w 

of Monntaineers. Bj Cbablbi Pagu. 
Second Editiqo, irikh lffa|M, &c tad App«. 
dix. Crown 8to. 7s. 6tL 

The Alpine Guide. By Johst Bul, 

M.R.IJL late President of the Alpine Oab. 
Post 8yo. irith Haps and oilier lUustntuMi. 

GKiide to the Xastem Alpa, price lenctf, 

Chiide to tho Wastem Alps, indnding 
Mont Blanc, Monte Rosa, Zermstt, iu. 
price 6f . 6d 

Chiide to tho Oentnl Alpa, inrlading 
all the Oberland District, price 7b. ^ 

Introduotion on Alpine TrartlUng in 
general, and on the Geology of the Al|», 
price If. Either of the Three Yolomes or 
Parts of the Alpine Guide may be hdd with 
this Introduction prefixed, price U. extra 

The Bnral lAfy of England. 

By William Howitt. Woodcuts hv 
Bewick and Williams. Medium 8vo. 1 24. Gd. 



Works of Fiction. 



Popular Bomances of the Middle 

Ages. ByGKoiuiK W. Cox, M.A. Author 
of •The Mythology of the Arj-an Nations * 
&c. and Er>*TA( i; IIixton Jones. Crown 
8vo. lOa. Gd. 

Hartland Forest ; a Jjcgend of North 

Devon. By Mrs. Buay, Author of *The 
White llooili*,' ' Life of Stothanl,* &c. Post 
8vo. with Frontispiece, 4«. Gd. 

Novels and Tales. By the Right 

lion. Benjamin Disraeli, M.P. Cabinet 
Editions, complete in Ten Volumes, crown 
8vo. price 6«. each, as follows : — 

Lotiiair, Gs. I Venktia, Gs. 

CoNiNosnr, C«. | Alrot, Ixion, &c. 6«. 

SYnii^ 6«. j YouHO DuKK, &c. 6f. 

Tancred, Gs. | Vivian Grey, Gs. 

CONTARINI FlRMINO, Ac. Gs. 

Henrietta Temple, Gs. 

A Visit to my Discontented Cou- 
sin. Reprinted, with some Additions, from 
Fraser's Magazine, Crown 8vo. prioe Is, Gd, 

Stories and Tales. By E. M. Sbwell. 

Comprising Amy Herbert ; Gertrude ; the 
EarVs Daughter ; tho Experience of Life ; 
Clete Hall; Ivors ; Katharine Ashton ; Mar' 
garet Percival ; LaneUm Parsonage ; and 
Ursula. The Ten^Works complete in Eight 
Volumes, crown 8vo. bound in leather and 
contained in a Box, price Two Guineas. 



Our^ Children's Story. By On^ of 

ihnr^Gossips. Byithe Author of ' Vo^i;^ 
en Zigzag,^ &c. Small 4to. with Sixtr 
Illustrations by the Author, price 10i.6c(. 

Cabinet Edition, in crown 8ro. of 

Stories and Tales by Miss Srwell :— 

Katharine Asiitov, 

^s.Gd. 
Margaret Pkrct* 

MAL, hs. 
Lanrton Parsox- 

AOB, 3«. Gd. 
Ursula, 4s. Gd. 



Amy Herbert, 2«. Gd. 
Gertrude, 2s. Gd. 
£arl*8 Daughter, 

2s. Gd. 
Experience of Life, 

2s. Gd. 
Clevb Hali^ Zs. Gd. 
Ivors, 8«. Gd. \ 



A Glimpse of the World. Fcp. 7«. CJ. 

Journal of a Home I<ife. Po8t8To.Ai.fr/. 

After Iiife ; a Sequel to the 'Journal of a Hoic« 
Life.' Post 8yo. 19«. 6<f. 

The Giant ; a Witch's Story for English 
Boys. Edited by Miss Seweli^ Author of 
* Amy Herbert,' &c Fep. 8yo. price os. 

Unole Peter*! Fairy Tale for the XlXth 
Centuiy. By the same Author and Editor. 
Fcp. 8yo. 7s. Gd. 

Wondexfiil Stories from Norway, 

Sweden, and Iceland. Adapted and arranged 
by JuLLA GoDDABD. With an Introdactonr 
Essay by the Ber. G. W. Cox, M.A. and 
Six niostrations. Square post 8to. Gs. 
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The Modern Novelist's Lil 

Each Work, in crown 8vo. complete in a 
Single Volume : — 

Melville's Gladiators, 2«. boards; 2#. Qd, 

cloth. 
G(X)D FOR NoTHUfo, 2#. boards ; 

2». 6c/. cloth. 

IIoLsiBY House, 2». boards; 



2s. Qd. cloth. 

• Imterpreter, 2s. boards; 2s. (kL 



cloth. 

Kate Coventry, 2«. boards ; 

2«. 6d. cloth. 

Queen's Marie?, 2». boards; 



■2s, Qd. cloth. 
Tkollope's Warden, 1*. 6d. boards; 2s. 

• loth. 
Barchester To\vki:s,2«. boards; 

•2s. Qd. cloth. 

Bkamley-Moore's Six Sistkrs of tiik 
Valleys, 2s. boards; 2s. Gd. cloth. 



lerne ; a Tale. By W. Steuart Trench, 
Author of * Realities of Irish Life.* Second 
Edition. 2 vols, post 8vo. price 2 1 5. 

The Home at Heatherbrae; a 

Tale. By the Author of •Everley.* Fcp. 
8yo. price dt. 

Becker's QaJhlS ; or, Homan Scenes of 
the Time of Augustus. Post 8vo. 7s. Qd. 

Becker's Charides : Illustrative of 

Private Life of the Ancient Greeks. Post 
8vo. 7s. Qd, 

Tales of Ancient Greece. By Georoe 

W. Cox, M.A. late Scholar of Trin. Coll. 
Oxford. Crown 8vo. price Gy. Qd. 

Cabinet Edition of Novels and 

Talcs by G. J. Wiiyte Melville; — 

DiOBY GIL.VND, 5s. jIIOLMBY HoUSE, 5». 

Kate Ci)VEXTRY, 5s ;Queek's Mariks, C«. 
General BouN'CE,5«. The lNTKurR:cTi:r!,n». 
G(H)i) FOR Nothing, price 0*. 



Poetry and The Drama. 



A Vision of Creation; a Poem. 

With an Introduction, Geological and Cri- 
tical. By CuTiiBERT Colling WOOD, M.A. 
and B.M. Oxon. F.L.S. &c. Author of 
' liambles of a Naturalist on the Shores and 
Waters of the China Seas ' &c. Crown 8vo. 
price Is. Gd. 

The Story of Gautama Buddha 

an'I his Creed ; an Epic. By Richard 
TniLLirs. Square fcp. 8vo. Of. 

Ballads and Lyrics of Old France; 

with other Poems. By A. Laxo, Fellow of 
Merton College, Oxford. Square fcp. 8vo. 
price 5*. 

Songs of the Sierras. By Joaquin 

3I1LLER. Xew Edition, le vised by the 
Author. Fcp. 8vo. (is. 

Thomas Moore's Poetical Works, 

with the Author's last Copyright Addi- 
tions : — 
Shamrock Edition, price Ss. Gd, 
I*eoplc's Edition, square cr. 8vo. 10*. Gd. 
Library Edition, Portrait & Vignette, lis. 

Moore's Lalla Bookh, TennieFs Edi- 
tion, with 68 Wood Engravings from 
Original Drawings and other Illustrations. 
Fcp. 4to. 2ls. 

Moore's Irish Melodies, Maclise's 

EdiUon, with 161 Steel Pktes from Original 
Drawings. Super-royal 8vo. 31#. Gd. 

Miniature Edition of Moore'i Irish 
AldodUs, with Maclise's Illustrations (as 
above), reduced in Lithography. Imp. 
16mo. 10«. Gd. 



Bouthey's Poetical Works, with 

the Author's last Corrections and cop^Tight 
Additions. Library Edition. Medium 8vo. 
with Portrait and Vignette, Ms. 

laLjB of Ancient Borne ; with Ivri/ 

and the Armada. By the Right lion. Lord 
Macaulay. 16mo. 4s. Gd, 

Lord Maoaulay's Ijayi of Ancient 
Rome. With 90 Illustrations on Wood, 
Original and from the Antique, from 
Drawings by G. Sch.vrf. Fcp. 4to. 2 Is. 

Miniature Edition of Lord Maoatilay'i 
Lays of Ancient Rome, with Scharfs 
Illustrations (as above) reduced in Litho- 
graphy. Imp. 16mo. lOs. Gd. 

Goldsmith's Poetical Works, Illus- 
trated with Wood Engravings from Designs 
by Members of the Etciicco Club. Imp. 
16mo. 7s. Gd. 

John Jerningham's Journal. Fcp. 

8vo. price Ss. GcU 

The Mad War Planet, and other 

Poems. By Willi asi Howitt, Author of 
'Visits to Remarkable Places,* &c. Fcp. 
8vo. price 5*. 

Eucharis ; a Poem. By F. Reginald 
Statiiam (Francis Reynolds), Author of 
'Alice Rushton, and other Poems' and 
'Glaphyra, and other Poems.' Fcp. 8vo. 
price ds. Gd, 

Poems of "Bytsiwv^ "Yeaxa. Edited 

by the Axitbox qI ^Xnvy HetbeTi; Fcp. 
8vo. 5». 
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Poems. Bj Jbax IxQELnw. Fifteenth 
Edition. Fcp. 8vo. Os. 

FoemB by Jean Ingelow. With 

nearly IQO llluBtrations bv Eminent 

• • • 

Artifts, en^n*avc<l on Wood by Dalziel 
Brothers. Fcp. 4to. 21*. 

A Story of D00IX1« &Q<i other Poemi. 
By Jean Ingeluw. Third Edition. Fcp. 
price 5s. 

Bowdler'8 Family Shakspeare, 

cheaper Genuine Edition, complete in 1 vol. 
large type, with 30 Woodcut Illustrations, 
price lis. or in C pocket vols. 3*. Gd. each. 



Horatii Opera, Libruy Edition, with 
Copioos English Notes, MaiginalRcftnncsi 
and Tarioos Readings. Edited by the Bev. 
J. E. YosroK, M.A. 8to. 21f. 

The .Sneid of Virgil TransUted i&to 

English Verse. By Joicr CosmrcTox, ILA. 
Corpus Professor of Latin in the Unirersity 
of Oxford. New Edition. Crown 8ro. 9i. 

Works by Bdward Yardley :- 

Faxtastic Storie.% fcp. 3m. Gd, 
MELU8I5E and other PoEMS, fcp. bt, 
IIoRACE*9 Odes translated into Exglisb 

Verse, crown 8to. C*. 
SurPLEMEXTABT Stobies and POEXS, 

fcp. Bs, Gd, 



Rural Sportft <^'c. 



Eaoyolopeedia of Bural Sports ; 

a Complete Account, IIi>toric^J, Practical, 
and Dcstriptivc, of Huntin^% Shooting, j 
Fishing, Racing, &c. By D. P. Bl^vixe. 
With al>ove COO Woodcut^} (20 from Designs 
by John Lkecii). 8vo. 21*. 

The Dead Shot, or Sportsman's Com- 
plete Gui«le ; a Treatise on the Use of the 
Gun, Dog-breaking, Pig.'on -shouting, &c. 
By Marksmax. Fcp. with Plates, 6*. 

A Book on Angling: being a Com- 
plete Treati.-<e on the Art of Angling in 
every branch, including full Illustrated 
Lists of Salmon Flies. By Fraxcis 1'raxcis. 
New Edition, with Portrait ami 15 other 
Plates, plain and colourcil. Post 8vo. 15*. 

Wiloocks's Sea-Fisherman: com- 
prising the Chief Method') of Hook and Line 
Fishing in the British and other Seas, a 
glanrc at Net^, and remarks on Boats and 
Boating. S<H.*ond Edition, enlarged, with 
80 Woodcuts. Post 8vo. 12*. Gd. 

The Fly- Fisher's Entomology. 

By Alkrkd Koxalds. With coloured 
Representations of the Natural and Artifi- 
cial Insect. Sixth Edition, with 20 coloured 
Phitcs. 8vo. 14*. 

The Book of the Boach. By Gae- 

viLLE Fexxell, of * Thc Field.' Fcp. 8vo. 
price 2*. Gd. 

Horses and Stables. By Colonel 

F. FiTzwYORAM, XV. the King's Hussars. 
With 24 Plates of Woodcut Illustrations, 
containing very numerous Figures. 8vo. 15*. 

The Ox, his Diseases and their Treat- 
ment ; with an Essay on Parturition in the 
Cow. By J. R. DoBSON, M.R.C.V.a Crown 
8vo. with Illuitrations, 7*. Gd, 



A Treatise on Horse -shoeing and 

Lameness. By Joskph Gamuee, Veteri- 
nary Surgeon, fiirmerly Lecturer on th? 
Principles and Practice of Farricn- in the 
New Veterinary College, Edinburgh. 8vo.. 
with 55 Woodcuts, 15*. 

Blaine's Veterinary Art : a Treatise 

on the Anatomy, Physiology, and Curstive 
Treatment of the Diseases of the How, 
Neat Cattle, and Sheep. Seventh Edition, 
revised and enlarged by C. Steel. 8ro. 
with Phitcs and Woodcuts, 18*. 

Youatt on the Horse. Bevised and 

enlarged by W. Watson, M.R.C.V.& 870. 
with numerous Woodcuts, 12*. Gd. 

Youatt on the Dog. (By the laroe Author.) 
8vo. with numerous Woodcuts, 6*. 

The Dog in Health and Disease 

By Stoxeiikxge. With 70 Wood En- 
gravings. New Edition. Square crown 
8vo. 10*. Gd. 

The Oreyhound. By the same Author. 
Revised Edition, with 24 Portraits of Grey- 
hounds. Square crown 8vo. 10*. Gd. 

The Horse's Footyandhowtokeep 

it Sound. By W. Miles, Esq. Ninth Edi- 
tion, with niostrations. Imp. 8vo. 12*. Gd. 

JL Plain Treatise on Hone-Ahoeing. By 
the same Author. Sixth Edition, post 8to. 
with Biustrations, 2*. Gd. 

Stable! and Stable Fitttnss. Sy the HOMb 
Imp. 8vo. with 18 Plates, 15*. 

Bemarkfl on Honea' Teeth, addfeastd if 

Purchasers. By the tame. Poat 8vo. Is. Gd 
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Works of Utility and 
The Law of Nations Considefed 

as Independent Political Communities. By 
Sir Travers Twiss, D.C.L. 2 vols. 8vo. 
30«. or separately, Part I. Peace, 12«. 
Part II. War, 18». 

The Theory and Practice of 

Banking. By Henry Dunning Macleod, 
M.A. Barrister-at^Law. Second Edition, 
entirely remodelled. 2 vols. 8vo. 30*. 

li'Culloch's Diotionaryy Prac- 
tical, Theoretical, and HistoricaJ, of Com- 
merce and Commercial Navigation. New 
Edition, revised thronghont and corrected 
to the Present Time ; with a Biographical 
Notice of the Author. Edited by H. G. 
Eeid, Secretary to Mr. M'Culloch for many 
years. 8vo. price 63». cloth. 

Modem Cookery for Private 

Families, reduced to a System of Easy 
Practice in a Series of carefiilly-tested Re- 
ceipts. By Eliza Acton. Newly revised 
and enlarged; with 8 Plates, Figures, and 
150 Woodcuts. Fcp. 6*. 

A Practical Treatise on Brewing ; 

with FormuUe for Public Brewers, and In- 
fitructions for Private Families. By W. 
Black. Fifth Edition. 8vo. 10». 6«/. 
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an English Dictionary and Grammar, Uni- 
versal Gazetteer, Classical Dictionary, 
Chronology, Law Dictionary, Synopsis of 
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Chess Openings . By F. W. Longman, 
Balliol College, Oxford. Fcp. 8vo. 2s, 6rf. 

Hints to Mothers on the Manage- 
ment of their Health during the Period of 
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Thomas IJull, M.D. Fcp. 5a. 

The Maternal Management of 

Children in Health and Disease. By Thomas 
BuLr^ M.D. Fcp. 5». 
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Digest of the Laws of England, Civil, 
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Edition, corrected and brought up to the 
Present Date. Fcp. 8vo. price 7s. 6dL 

How to Nurse Sick Children; 

containing Directions which may be found 
of service to all who have charge of the 
Young. By Charles West, M.D. Second 
Edition. Fcp. 8vo. 1*. CJ. 

Notes on Lying-in Institutions ; 

with a Proposal for Organising an Institu- 
tion for Training Midwives and Midwifery 
Nurses. By Florence Nightingale. 
With 5 Plans. Square crown 8vo. 7s. Cd. 

Notes on Hospitals. By Flobekce 

Nightingale. Third Edition, enlarged ; 
with 13 Plans. Post 4to. 18». 

Collieries and Colliers : & Handbook 

of the Law and Leading Cases relating 
thereto. By J. C. Fowler, Barrister. 
Second Edition. Fcp. 8vo. 7s. 6«/. 

Coulthart's Decimal Interest 

Tables at Twentv-four Different Rates not 
exceeding Five per Cent. Calculated for the 
use of Bankers. To which are added Com- 
mission Tables at One-eighth and One- 
fourth per Cent. 8vo. 15a. 

Willich's Popular Tables for As- 
certaining the Value of Lifehold, Leasehold, 
and Church Property, Renewal Fines, &c. ; 
the Public Funds ; Annual Average Price 
and Interest on Consols from 1731 to 1867 ; 
Chemical, Geographical, Astronomical, 
Trigonometrical Tables, &c. Post 8vo. IO5. 

Fewtner's Comprehensive Speci- 
fier; a Guide to the Practical Specification 
of every kind of Building-Artificer's Work : 
with Forms of Building Conditions and 
Agreement?, an Appendix, Foot-Notes, and 
Index. Edited by W. Young. Architect. 
Crown 8vo. 6«. 
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tical Journal, published Quarterly in Janu- 
ary, April, July, and October. 8vo. price 
6». each Number. 

Kotes on Books : An Analysis of the 
Works published during each Quarter by 
Messrs. Longmans & Co. The object is to 
enable Bookbuyers to obtain such informa- 
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ally afforded by tables of contents and ex- 
planatory prefaces. 4to. Quarterly. Gratis. 



Praser's Magazine. Edited by James 
ANTiiONY Froude, M.A. Ncw Series, 
published on the 1st of each Month. 8vo. 
price 28. 6d. each Number. 

The Alpine Journal ; A Kecord of 

Mountain Adventure and Scientific Obser- 
vation. By Members of the Alpine Gub. 
Edited by Leslie Stephen. Published 
Quarterly, May 81, Aug. 31, Nov. 30, Feb. 
28. 8vo. price 1*. Gd. each Number. 
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Knowledge for the Young. 



TheSteppingStonetoKnowledge: 

Containing upwards of Seven Handred 
Questions and Ansv>'0T3 on Miscellaneous 
Sul»j<»ct3, adapted to the capacity of Infant 
AlindA. By a Mother. New Edition, 
enlarged and improved. 18mo. price U. 

The St'epping Stone to Geography: 

Containing several Hundred Questions and 
Answers on Geographical Subjects. 18mo. 1«. 
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Mr. P. Sadlkr. 18nio. la. 
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and Answers on Englisli Gramnnr. I)y 
Mr. r. Sadi.kr. 18mo. Is. 

The Stepping Stone to Natural History: 
Vkutkbratk or BArKiioxE:> Aximai.^. 
Part I. Mammalia ; Part II. Birdif Rrp- 
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